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1 .Introduction 


About Previous and Current High-Speed Transportation Proposals in Thailand 

In 2018, Japan International Cooperation Agency (JICA) published the results of a new feasibility study considering 
a future Bangkok-Chiang Mai high-speed rail line using Shinkansen technology. The study showed that the line 
would run at a loss, mainly due to a lack of ridership in the corridor. In the meantime, another high-speed rail project 
is currently under construction and supported by the Chinese state railway agency (CRRC). This line will link 
Bangkok and Nakhon Ratchasima and will eventually extend to Nong Khai. 

About TransPod Inc. 

TransPod Inc. is a Canadian company designing ultra-high-speed transportation systems. Through its technological 
advances and partnerships with global aerospace and engineering partners, TransPod is enabling the global 
development of the TransPod ultra-high-speed line, as well as tube transportation and hyperloop in general. 

What TransPod’s technology? 

A TransPod line is a new, ultra-high-speed transportation system, to carry passengers between cities at over 1000 
km/h. Faster than a jet, this system is a hybrid between train and jet aircraft, and travels at ground level in a 
protected tube guideway to provide a convenient, high-speed option for travellers, reduce congestion, and reduce 
greenhouse gas emissions. At TransPod stations, platforms will allow passengers to walk on board the vehicles, 
which each have rows of seats similar to a jet or train. Sitting comfortably, the vehicle accelerates, coasts and 
slows down, arriving at the destination in a matter of minutes. A TransPod line is a new generation of hyperloop or 
tube transportation. 

About This Study 

TransPod Inc. was engaged by Thanathorn Juangroongruangkit to conduct a pre-feasibility study on a potential 
passenger TransPod hyperloop line spanning from Bangkok to Chiang Mai, and with an extension to Phuket. The 
objective of the analysis is to preliminary quantify the economic impacts resulting from building and operating the 
infrastructure. 

The goal of this study is to provide empirical evidence on the potential impacts of implementing TransPod’s 
technology in Thailand. This analysis is not intended to favour any particular stakeholder for the 2018 Thai election. 
In particular, this study does not assess the opportunity cost of choosing one particular political party over the other 
because the study will be officially published to Thai people after the election for individual willing to copy, edit and 
make further development without any restrictions. 

The findings of this study are intended to be considered as one among many important considerations in deciding 
whether or not moving forward with such technology in Thailand. 
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2. Executive summary 


The Kingdom of Thailand is the 50th largest country in the world in terms of landmass. The distance between the 
most northerly and southerly ends of the country is around 1500 kilometres. The central and primal capital of 
Thailand is the Bangkok metropolitan area, which holds 24% of the country’s total population of 69,040,000. The 
Northern Region is well-known for its mountain ranges and river valleys. The Southern Region is known for its 
beaches and limestone eroded islands. 

The cities of Bangkok and Chiang Mai are separated by 600 kilometres and are situated in two distinct regions of 
the country, Bangkok located in Central Thailand and Chiang Mai in Northern Thailand. The province of Phuket is 
located within the region of Southern Thailand, around 845 kilometres from Bangkok. This feasibility study highlights 
the benefits to the Thai people, the economy and the tourists of the country if a TransPod transportation system 
was created connecting the cities of Chiang Mai, Bangkok and Phuket. 

Firstly, we conducted data ridership estimates in order to determine current traffic volume, cost and travel times, in 
order to get a representation of what travelling within this corridor is like today, given the current infrastructure. 

• Bangkok - Chiang Mai: A total of 15,220,000 trips are made within the Bangkok - Chiang Mai corridor 
each year. 730,000 by bus, 6,510,000 by car, 500,000 by rail and 7,480,000 by air. To travel within the 
corridor one way, it will cost THB 628.60 by bus, THB 1561,18 by car, between THB 251.00 to THB 1548.00 
by rail and between THB 1071.80 to THB 1764.70 by plane. It will take 10 hours and 32 minutes by bus, 9 
hours and 5 minutes by car, 13 hours and 11 minutes by train and 4 hours and 15 minutes by plane to travel 
between the two cities. 

• Bangkok - Phuket: A total of 15,970,000 trips were completed within the Bangkok - Phuket corridor in 
2016. 370,000 of these trips were completed by bus, 8,220,000 trips by car and 7,380,000 by air. No trips 
were completed by rail due to the fact that there isn’t a direct route between Bangkok and Phuket. The 
closest train station to Phuket is Surat Thani. On average it would cost THB 725.88 to travel one way by 
bus, THB 1915.77 by car and between THB 888.36 and THB 1551.16 to travel by air between Phuket and 
Bangkok. It would take 13 hours and 20 minutes by bus, 11 hours and 21 minutes by car and 4 hours and 
15 minutes by air. 

• Chiang Mai - Phuket: In 2016, 557,670 trips were made within the Phuket - Chiang Mai corridor. 37,695 
trips were completed by bus, 44,384 trips were completed by car and 475,591 trips were completed by air. 
It will cost one THB 1746.00 to travel by bus, THB 3471.81 by car and between THB 2891.61 to THB 
5871.33 to travel by air. This trip would take 24 hours by bus, 20 hours and 2 minutes by car and 5 hours 
and 10 minutes by plane. 

It is relevant to note that the minimum travel duration within this corridor is around 4 and a half hours. The costs of 
travel are relatively cheap in respect to the distance traveled, which can be attributed to high competition. In the 
future, due to a tourism boom, we foresee higher infrastructure stress which may alter travel times and hinder 
ridership volume. Furthermore, cities located between major urban areas are forecasted to substantially grow, as 
more people and companies choose to relocate to less dense urban areas. However, what if travelling between 
these cities could be reduced from four and a half hours to just one hour? Introducing, TransPod. 

TransPod is a Canadian company designing ultra-high-speed transportation systems. Through its technological 
advances and partnerships with global aerospace and engineering partners, TransPod is enabling the global 
development of hyperloop tube transportation. A vacuum train or hyperloop system is fully electric and fossil-fuel 
free and enables passenger and cargo vehicles to travel in a low-pressure tube environment, driven by linear 
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induction motors, at speeds exceeding 1000 km/h (the design speed of 1000-1200 km/h). TransPod’s cutting-edge 
new system enables a significant reduction in capital investment, increases reliability, and improves operational 
performance, allowing a stronger business case for this ultra-high-speed system. Powered by sustainable 
solar/electric energy in a system that is unaffected by weather conditions, the TransPod tube transportation system 
enables passenger and cargo to travel faster than aircrafts, creating an attractive choice for consumers and 
businesses, a high-potential investment opportunity for infrastructure investors, and a reliable mass transportation 
system. Hyperloop is truly a new generation of infrastructure technology. It is a revolutionary improvement over 
existing modes of transportation by airplanes, cars, ships, and trains. It is immune to weather, sustainably self¬ 
powering by solar energy and at the same time safer, faster, more affordable, more convenient, and less disruptive 
to the environment. Currently the speed record for the technology has been set to 457 km/h at the SpaceX 
competition (without levitation), followed by 387 km/h (with levitation). The technology development rapidly grows 
in Asia, Europe and North America. Based on the current transportation offerings, data ridership and willingness to 
pay models, TransPod has concluded its service offerings within Thailand will be as follows: 

• Bangkok - Chiang Mai: A one-way trip between these cities will cost approximately THB 1,012 ($32 USD). 
The travel time of the 590km trip will be 52 minutes (excluding access time). (1 USD = 32 THB) 

• Bangkok - Phuket: A one-way trip within this corridor will cost approximately THB 1,451.61 ($45 USD). 
The travel time of the 725 km long trip will be 58 minutes (excluding access time). (1 USD = 32 THB) 

• Chiang Mai - Phuket: A trip from Chiang Mai to Phuket will cost approximately THB 2,516.13 or ($78 
USD). This 1315km long trip will take 1 hour and 28 minutes (excluding access time). (1 USD = 32 THB) 

Based on these proposed ticket fares and our current ridership estimates we believe that by Year 10 of system 
operation the Bangkok - Chiang Mai - Phuket corridor will create $1.0 B. per year in revenue, $1.6 B. /annum by 
year 20 and $2.7 B. /annum by year 30. 

Financial Analysis 

In order to better understand the financial attractiveness of building a Chiang Mai / Bangkok / Phuket corridor a 
financial analysis was conducted. Our analysis for the construction costs yielded that building a standard express 
hyperloop line connecting Bangkok and Chiang Mai would cost $18.90 M. USD per km to build. This figure is 3% 
cheaper than the cost of the High-Speed Rail project proposed by the Japanese government, which was estimated 
to cost approximately $19.43 USD per km. 

For the full line, our financial model yielded NPVs of -9.5, -14.4 and -16.9 for discount rates of 3%, 5% and 7% 
respectively. The calculated FRR is 0.99%. Considering the FRR rate is relatively low, a funding mix from private 
and public investment groups may be required to finance the construction of this project. However, on the public 
funding side, the remaining economic, socio-economic and environmental benefits must be taken into account on 
top of the NPV discount rates in order to determine whether this project is beneficial for the citizens and visitors of 
Thailand. A positive FNPV was determined when assuming a 3% discount rate, and by adjusting a 5-variable 
sensitivity analysis by reducing investment cost and maintenance by over 40% or when increasing the line’s 
revenues by over 40%. 

Economic Analysis 

Time Savings: Due to the ultra high-speed nature of the TransPod system, there will be a significant amount of 
time savings for the users of this system. During year 10 of system operation, 156 M. hours will be saved for the 
system’s passengers per year. By year 20, the yearly hourly savings will equal 206 M. This number will increase to 
252 M. by year 30. 

Environmental Benefits: A TransPod system is self-sustaining due to solar power electricity generation. Due to 
this operational sustainability, TransPod systems create significant C02 emission reductions, which are beneficial 
to a wide-array of the project’s stakeholders. It is estimated that by Year 10 of system operation, the transportation 
network will curb 1,233,025 tons of C02 emissions on a per annum basis. By year 20 of TransPod’s operation, 
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1,621,946 tons of C02 will be diverted per year. By year 30 of operation, 1,989,700 tons of C02 will be diverted. 
This gradual increase in C02 emissions avoided is mainly due to the year over year increase in ridership for the 
TransPod system. This carbon emission reduction is particularly beneficial to a country like Thailand which has 
relatively high exposure to the various effects of climate change. 

Safety: With the second highest road traffic fatality rate in the world, Thailand experienced 61,197 crashes, 8,746 
deaths and 110,777 injuries in 2012. These numbers pose a high cost to society. We have estimated that these 
incidents cost Thailand around $292,854,798.11 in 2012. This number could possibly double if road traffic intensifies 
between Thailand’s most populous cities. Due to the safe, autonomous operation of a TransPod transportation 
system, diverting a significant number of drivers from the road will relieve a societal cost of $552 M. on a per annum 
basis by year 10. In year 20, $1.2 B. will be saved due to TransPod’s transportation system. Upon year 30, TransPod 
will prevent societal costs of around $2.2 B. per annum. 

Summary of Economic Benefits: Overall, the Economic Rate of Return (ERR) for a Chiang Mai / Bangkok / 
Phuket line is estimated to be 13.8% for 35 years of operations and 5 years of construction. The Bangkok / Chiang 
Mai line will be slightly more economically feasible with an ERR of 13.87%. The southbound branch of Bangkok / 
Phuket will be the least economically attractive project, with an ERR of 13.19%. 

As a comparison, the ERR calculated for the Bangkok / Chiang Mai study was 12.32%, which is lower than what 
has been forecasted in this study. Consequently, hyperloop could be a more attractive alternative for Thailand under 
favourable economic conditions. 

Economic Input/output analysis 

With an initial investment of $25 B. for the construction of a TransPod transportation system in Thailand, we have 
estimated that an economic output of $31 B. will occur. This can be broken down into $11.9 B. in direct output, 
$12.55 B. in indirect output and $7.3 B. in induced output. 

The GDP increase after a $26 B. investment is equal to $22.5 B. with $4.6 B. in direct impact, $10.4 B. in indirect 
impact and $6.3 B. in induced impact. Hence the construction of a TransPod transportation system will increase the 
GDP of Thailand by $21.51 B. or 4.7%. 183,780 jobs will be created in Thailand in order to construct a TransPod 
transportation line. 67,876 of these jobs are direct, 67,691 are indirect and 48,214 are induced. 

Outlook 

The analysis conducted in this report shows that implementing the hyperloop technology in Thailand could have 
significant positive impacts for the country as a whole. The substantial travel time savings provided by hyperloop 
technology will profoundly impact the way people travel in the corridor and act as a catalyst for expected economic 
growth. 

As the economic impacts of the projects exceed the ones of the forecasted High-Speed Rail lines, it is plausible 
that additional research and development undertaken in the country could lower the costs of implementing 
hyperloop technology and increase its efficiency. Developing hyperloop technology in Thailand could generate 
significant technological spin-offs which would in turn stimulate other industries and increase the country’s output. 

Empirical results presented in this study bring forth two main conclusions: 

1. Implementing hyperloop technology in Thailand is feasible under the right economic conditions. As the 
technology is still being developed, it is advised that the country undertakes R&D on hyperloop technology 
to leverage the wider economic impacts of bringing this technology to market 

2. While this study presents an overview of the potential economic and financial benefits of implementing 
hyperloop technology, it is recommended to further confirm these initial estimates in a detailed feasibility, 
in accordance with Thai laws. 
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3. Technology 

3.1 Overall description 

Ultra-high-speed tube transportation is designed to allow near-supersonic intercity transportation, connecting cities 
with a fixed guideway infrastructure. Tube transportation is similar to rail transportation but uses vehicles travelling 
inside a round guideway instead of traditional railroad cars. The vehicles can reach near-supersonic speeds from 
the benefit of reduced air pressure inside the tube, which reduces friction at high speed. 

Tube transportation, sometimes called “hyperloop” or “vacuum train”, is under development by a number of 
transportation companies. It combines the latest techniques from the aerospace and rail industry. 

The vehicles, sometimes called “pods”, have an aerodynamic fuselage and structure, and transport passengers or 
cargo between cities faster than a modern commercial aircraft. The system is designed to have several pods 
travelling in the same direction simultaneously. Departures from stations will occur every few minutes, making the 
system’s operations similar to a modern-day subway, where travellers simply arrive at the platform, and wait for the 
next train to depart. This departure system eliminates ticket bookings, making travel extremely flexible and truly on- 
demand. 

The pods are operated autonomously, ensuring passenger safety by eliminating human piloting errors. The system 
operates in a near-vacuum enclosed tube environment, making air resistance much lower than in the outside 
environment. In the case of any evacuation emergency, the tube can be returned to atmospheric pressure by 
systems which rapidly allow the ordinary air pressure back inside the tube. The tube is constructed out of steel or 
alternatively composite materials. It can be built below ground, at ground level, or above ground suspended by 
concrete pillars. In order to achieve maximum operating speeds, the tube transport line is designed to be as 
vertically and horizontally straight as possible. This avoids sharp curves which would result in strong G-force 
sensations that would create an uncomfortable passenger riding experience. The vehicles are propelled by linear 
induction engines, which are powered by fully electric, fossil-fuel-free energy. These powerful engines accompanied 
by a near-vacuum environment enables passenger and cargo vehicles to travel up to 1200 km/h. 

TransPod is known as a next generation of hyperloop. TransPod’s cutting-edge new technology enables a 
significant reduction in capital investment, increases reliability, and improves operational performance, which 
ultimately creates a stronger business case than traditional hyperloop systems, such as proposed in Elon Musk’s 
Alpha paper. Powered by sustainable solar/electric energy in a system that is unaffected by weather conditions, 
TransPod’s tube transportation system enables passenger and cargo to travel faster than aircrafts, creating an 
attractive choice for consumers and businesses, a high-potential investment opportunity for infrastructure investors, 
and a reliable mass transportation system. 
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3.2 History of tube transportation 


In 1799, inventor George Medhurst proposed an idea to move goods through cast-iron pipes using air pressure. In 
1844, he built a railway station (for passenger carriages) in London that relied on pneumatics until 1847. Throughout 
the mid-1850s, several more pneumatic railways were built in Dublin, London, and Paris. The London Pneumatic 
Despatch system was meant to transport parcels, but it was large enough to carry people, too. To mark its opening, 
the Duke of Buckingham traveled through it in 1865. 

In the mid-1860s, South London constructed the Crystal Palace atmospheric railway, which ran through a park. A 
fan, which measured 22 feet in diameter, propelled the train. On return journeys, the fan's blades reversed, sucking 
the carriage backwards. The Beach Pneumatic Transit, which operated in Manhattan from 1870 to 1873, was New 
York City's earliest subway predecessor. Designed by Alfred Ely Beach, it had one stop and a one-car shuttle that 
used compressed air to move riders 1 . 

In 1904, in Worcester, Massachusetts, pioneer of modern rocket design, Robert H. Goddard, wrote an essay looking 
into transport in 1950. He described a frictionless system using tunnels with reduced air pressure to reduce friction 
and achieve high speeds. ‘Vacuum trains’ were born. The concept was developed and was finally patented in 1950. 
In the 1970s and 1980s, technology developments in high-power vacuum pumps and linear induction motors have 
improved to a stage where the fundamental building blocks are in place to make vacuum-tube-based high-speed 
transportation feasible. 

In 1997, the US firm called ET3 filed a patent on “evacuated tube transport” (ETT), which is based on 100% 
evacuated tubes, and MAGLEV propulsion and levitation. The ETT patents expired in 2017. 

Swissmetro was a Swiss national transportation project using vacuum train technologies. Created in 1992, the 
project has been abandoned by lack of funding in 2009. 

A further concept was introduced in a SpaceX alpha document in 2013. This document explained tube 
transportation using a different name “hyperloop”, using air bearings to levitate a vehicle. The business application 
was the connection between Los Angeles and San Francisco, promising to be cheaper, more efficient and more 
profitable than the current high-speed rail project. Elon Musk, while presenting this document, also mentioned that 
the project was an “open-source” one, meaning that anyone willing to develop such technology should do so. He 
explained that he didn’t have time to pursue any research on this topic. 

However, in order to promote the system, SpaceX has organized yearly design and speed competitions for 
"hyperloop" pods build by student teams worldwide. SpaceX has built a reduced-diameter test tube (1.5 meter) in 
Los Angeles, in which the teams place a low-speed model unit. These units are prototypes and do not have 
provisions for passengers or cargo bays, or for long autonomous trips. 

Between 2013 and 2015, three companies have formed to specifically develop variants of the concept: HTT 
(Hyperloop Transportation Technologies) in 2013, based in Los Angeles (USA), HTI (Hyperloop Technologies Inc.; 
since renamed Virgin Hyperloop One) in 2014, also based in Los Angeles (USA), and TransPod in 2015, based in 
Toronto (Canada). 

Recently, several student teams that took part in the SpaceX competition decided to go further and incorporated 
their businesses in order to commercially develop tube transportation systems. Since 2017, Zeleros (Spain), Hardt 
(The Netherlands), HyperPoland (Poland) develop their own versions of the pods and infrastructure. A swiss 
company, Hypertube is planning to build a test tube in Switzerland, to accommodate for the testing of the student 
team of EPFL (“Ecole polytechnique federale de Lausanne”). 


1 See: https://www.businessinsider.com/history-hyperloop-pneumatic-tubes-as-transportation-2017-8 
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Unlike TransPod, these designs rely on the earlier SpaceX design and are constrained by the cost of their propulsion 
configurations, with a significantly large array of electromagnets installed along the entire length of the line. 

3.3 Technology description 

The basic concepts behind this hundred-year old idea remain the same, in order to overcome the following 
challenges in ground transportation: 

• Friction resulting from rail-wheel contact: eliminated by levitation mechanisms (magnetic or air cushions); 

• Aerodynamic friction between the air and the vehicle: lowered through reducing the ambient pressure in 
which the vehicles operate. 

The combination of these factors allows electrically-powered vehicles to travel faster than aircraft, using relatively 
little energy, at ground level. This dramatically increases the typical speed limit of trains, up to the speed of sound 
(1224 km/h under standard pressure). 

This system consists of transport infrastructure made of vacuum tubes, acting as guideways, or tracks, and vehicles 
(sometimes called "pods"), that levitate and circulate inside the tubes. The following sections will describe both the 
vehicles and the infrastructure. 

3.3.1 Vehicles (“pods”) 

Contrary to long and heavy trains, TransPod vehicles are small units: a pod is 25 meters long, capable of 
transporting 25 to 40 passengers (can be coupled as a train to increase capacity to about 100 passengers per train), 
seating in rows of seats separated by a central aisle. Cargo pods use the same structure as passenger pods, but 
the interior is designed to fit air cargo containers and/or pallets. Cargo pods can transport approximately 10 tonnes 
of goods. 

Here is a description of the main subcomponents of a vehicle: 

Fuselage: The T ransPod fuselage is made of composite materials similar to the construction of commercial aircraft 
today, therefore providing a very similar structural integrity. 

Pressurisation: The cabin is pressurised for passenger comfort, similarly to on a jet aircraft. The vehicle systems 
are similar to existing commercial aircraft technology. 

Liquid cooling system: Heat is transferred out of electronics, propulsion drives, motors, and the passenger air 
conditioning system. The cooling system is similar to engine cooling systems in the automotive and aviation 
industries. 

Propulsion System: The vehicle is driven by electric power. Linear Induction Motors (LIM), a type of magnetic 
traction engine, use moving magnetic fields to generate force against the tube traction surface structure. These 
traction engines provide thrust to accelerate the vehicle, and braking. 

Levitation System: TransPod's patented JetGlide™ technology controls a magnetic levitation system, to keep the 
vehicle levitated off the bottom of the tube guideway, creating a smooth ride, and reducing energy consumption due 
to an absence of mechanical friction between the vehicle and the infrastructure. 

Electrical Power Transmission: The electrical system (as patented in TransPod’s Quantum Power™ technology), 
receives electrical energy onboard the vehicle from “3rd-rail” conductors inside the tube. In that way, external power 
from the grid connections is delivered into the tube, to the conductors mounted inside the tube, and in turn to the 
vehicle as it runs along these conductors inside the tube. 
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Interior: Air conditioning, filtering and circulation, comfortable suspension, and curved-wall LED video panels are 
all features to reproduce an outdoor environment, avoid claustrophobia, and provide a comfortable and welcoming 
environment in the vehicle. 

Figure 1: Conceptual design of hyperloop system 



3.3.2 Infrastructure 

The infrastructure consists of a dual tube system resting on concrete pylons, which height depends on the 
configuration of the line. The guideway infrastructure related to the TransPod hyperloop system considers three 
types of engineered structures: 

Elevated guideway 
On ground guideway 
Underground guideway 

Regarding this study, we focus on an elevated guideway structure as this configuration will be the most prevalent. 
It also has significant advantages compared to a conventional high-speed rail (HSR) system both in terms of safety 
and cost. Being elevated is safer as there is no need to implement a crossing control system at roadway 
intersections to mitigate the risk of collisions involving people and/or vehicles. It is cheaper as the land footprint is 
smaller for a pylon compared to a railway track. It also allows vehicles and agricultural machines to cross the line, 
instead of cutting properties in half as required by a train system. Underground grade separations are considered 
to provide even better safety features, but these come at a much higher cost. 

General arrangement 

TransPod’s typical guideway corridor is 40m wide including a service road for maintenance, emergency services 
and construction purposes. However, the service road can be decommissioned after the construction period to 
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avoid land acquisition, and return the land for local use (agriculture or other). The following figure provides an 
overview of the route arrangement. 

Figure 2: Aerial drawing of a portion of the infrastructure 



Scenario A 


Side elevation 

The TransPod vehicle’s typical span is conventionally composed to rely on standard construction techniques. The 
following elements are included in the infrastructure: 

Steel bracings are provided to reinforce the tube integrity as vehicles travel inside the tube, and to maintain 
the shape of the tube over time. 

Standard galvanized framing will be used to install optional solar panels on the tube to obtain an overall 
system energy positive. Solar panels will be positioned according to the optimum angle towards the sun 
(we are also considering a rotating structure). 

Cross section 

The following figure represents a cross-section of the elevated structure and illustrates a potential construction 
scenario to install tube segments over each pier. 
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Figure 3: Cross section drawing of the infrastructure 



Emergency exits 

As per applicable regulations currently being drafted in Europe and Canada, the TransPod system will require 
emergency exits evenly spaced throughout the line, allowing for passenger to exit the tube without having to walk 
long distances. Those emergency exits will be protected from weather elements at any given time to allow a safe 
evacuation. 

Figure 4: 3D Visualization of the infrastructure 



Energy requirements and solar panels 

The TransPod system is fully electric and use the power delivered by the grid. As long as the source of energy is 
clean and renewable, the TransPod system can be considered as a clean mean of transportation. 
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Moreover, the TransPod design allows for the installation of solar panels on top of the tubes, in order to leverage 
the surface available created by the infrastructure. The energy generated by the solar panels would be injected in 
the electrical grid and participate in increasing the amount of clean and renewable energy available in one country. 
Another option is to distribute locally the power generated by the solar panels and bring electricity in remote areas 
without having to build expensive power lines. 

3.3.3 Operations 

Operations play a crucial role in this proposed transport revolution. The pods are small in capacity and departure 
times are every two to three minutes. No need to book a ticket in advance, travelers will simply have to travel on 
the next departing pod. The Hyperloop can also act as a metro on a country scale, offering speed, flexibility, frequent 
departures, all while covering large distances. 

TransPod station should be intermodal, to allow for quick transfers from one mode of transport into another, and to 
cover the last-mile distance when arriving in the destination city. Stations should also be installed as close as 
possible to city centers to avoid long commuting times such as what is currently experienced by air travelers. 

Several pods will travel at the same time in the TransPod network, in both directions. 80% of the transport accidents 
come from human errors. The TransPod system is autonomous, and the traffic is controlled in real-time by a central 
computer monitoring and adjusting the speeds and locations of every pod, to ensure the fluidity and the safety of 
the entire line. 

TransPod lines can handle both passenger and cargo pods at the same time, in order to optimize the use of the 
infrastructure. During peak hours for example, mainly passenger pods will travel, while during off-peak hours, cargo 
pods will alternate with passenger pods. 

3.3.4 TransPod advantage 

The entire industry would describe the Hyperloop as a network of bidirectional steel tubes of several meters in 
diameter, that form a vacuum (around 100 Pa), in which 25 to 35m long vehicles, called ‘pods’ hover and move, 
with each pod transporting either several tonnes of goods or thirty passengers. Levitation and thrust are guaranteed 
through the electromagnetic systems, but here’s the crux: how to reduce the infrastructure costs that made the 
Maglev too expensive to build? There are several solutions to resolve this. The Canadian start-up TransPod offers 
a levitation and thrust system specifically for the vehicle, which would mean that costly electromagnets would not 
need to be installed on the tracks, which would reduce the infrastructure costs by two thirds, therefore, reducing 
costs to a similar to that of high-speed trains. These characteristics allow us to think of the pod like a plane without 
wings, guided by magnetic systems, where the low atmospheric conditions are recreated at ground level. 

To date, the most popular option for developing tube transport technology is to use magnetic levitation or 
“MAGLEV.” This technology was developed in the 1970s and has been successfully tested on several high-speed 
train projects such as the German Transrapid and the Japanese SCMAGLEV, which can reach speeds up to 600 
km/h, higher than conventional wheel-based high-speed trains. Despite its development, this technology is only 
used for small transportation projects around the world due to major cost shortcomings. TransPod decided to move 
away from using superconducting magnets or “MAGLEV” technology for two reasons. First, using superconducting 
magnets in a vacuum has several technological limitations such as producing corona that accelerates the 
degradation of materials. Second, laying down superconducting magnets over many kilometres of track is extremely 
expensive ($100 M/km) and does not make the system economically viable. This is the reason why MAGLEV trains 
are not used much nowadays despite being fully developed. 

TransPod has developed key innovations which concentrate the technology on the vehicle to drastically reduce 
infrastructure costs. This technology allows levitation, propulsion, and high-speed power transfer without expensive 
MAGLEV systems or batteries. 
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Levitation system: TransPod uses active levitation achieved through magnetic engines located on the vehicle. 
These linear induction motors, generate thrust, braking, and maintain the vehicle position along the guideway. The 
pod is equipped with a stabilization system allowing it to easily navigate in tight curves along the guideway, allowing 
for a smooth ride similar to high-speed rail systems. This system is patented internationally. 

Power transmission: This system is designed as the world’s fastest power transmission system, beating the 
capability of high-speed trains. This power transmission is an innovation that overcomes the limitations of traditional 
train pantographs, MAGLEV, and 3rd rail shoe systems. The low pressure inside the tube enables high-efficiency 
power transmission. This system is patented internationally. 

3.3.5 Overview of TransPod and hyperloop benefits and applications 

In the words of Gibran Hadj-Chikh, Director for Innovative Transport at Parsons Corp., a new technology has little 
chance for success if it isn’t integrated into the global ecosystem. If the Hyperloop sets sail, it is that the 
accompanying ecosystem has already taken shape. It is expected that the development and implementation of a 
TransPod hyperloop system could have the following impacts: 

Decentralize city centers 

Urbanization is rapidly growing around the world. However, citizens want to be able to live close to their work, while 
having a reasonable cost of living. Hyperloop transportation offers a solution to this equation, that is quite often 
difficult to resolve. A 30-minute journey in an urban area covers a limited distance depending on the mode of 
transport used. A 30-minute journey in Hyperloop would cover a distance of 200km (on average 680km/h, taking 
into account the acceleration and deceleration). In this scenario, cities in the region would replace the current urban 
periphery. This would mean a more affordable cost of living, a better standard of living and urban decentralisation, 
which would revolutionise home to work travel. 

Reducing warehouse expansions 

The Hyperloop also impacts upon the supply chain of our online orders. The ‘want it now’ culture has been growing, 
which has seen the increase in online orders and next day deliveries, even same day deliveries. The current 
solutions are short term and include transporting more goods by plane. In the medium term, increasing the size of 
logistics centres, which cause the following issues: pollution and higher costs for air traffic, increasing storage costs 
and level of goods stored within warehouses. Introducing an Hyperloop network would challenge this current cargo 
model: in addition, one single warehouse could feed local reception centres, where goods could be transported 
through shuttles which could cover the final kilometre of the journey. No need to replicate stock piling in every city 
to ensure same day delivery; orders made before midday could be shipped at 1500km in two hours and delivered 
the same evening. 
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Absorbing the increase in air traffic 

The increase in air traffic is another thing to consider. Trends indicate that the number of passengers double every 
15 years, with undesirable effects as a result: air and sound pollution, greenhouse gas emissions and large airport 
infrastructure. The project in Notre-Dame-des-Landes in France recently uncovered the difficulties encountered by 
new airport infrastructure projects. Would it not be better to make the most out of current infrastructure, linking 
airports together and making several connected terminals in one airport instead of building from scratch? Moving 
from one terminal to another could take thirty to forty minutes in large airports, but the Hyperloop could connect 
three regional airports that are 200 kilometres apart in less than thirty minutes. By optimising the distribution of 
destinations to avoid duplication, three connected airports could reduce the number of small carriers to concentrate 
on larger, more efficient ones. They would cash in on an increase in passenger traffic, through a user 
correspondence time that is similar to that already experienced in larger airports. 

Replace short-haul flights 

If the plane is the best way to quickly cover large distances and intercontinental journeys, what does this mean for 
short-haul flights? They are less profitable than long-haul flights, especially when they are at the first or final stage 
of a journey with connections. They are also less efficient than the larger carriers in terms of energy and pollution, 
and they also take up the same amount of space as a long-haul carrier regarding the departure gates, departures 
area and interaction with stations on the ground. By travelling at ground level at the same speed as a plane and by 
reducing the environmental impact, an Hyperloop line could cover the distances currently run by short-haul flights, 
leaving airports to cover longer distances. 

This would have a great deal of potential in Canada: urban centres in the East work independently. Whereas the 
airports in Toronto, Montreal, Quebec City are reaching saturation point. Each of these urban centres could offer 
different destinations, provided that they were at least one-hour journey from each other. An Hyperloop line between 
the cities would also allow us to reduce the number of lorries that are driving on the motorways. Additionally, express 
courier services such as UPS and DHL operate daily flights from the USA to Toronto and Montreal. An Hyperloop 
connection between the two cities would allow them to send only one cargo to Toronto and then transfer the goods 
to Montreal at ground level, using clean electric transport and just as quick as by plane. 
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3.4 Comparison with other modes of transport 


3.4.1 Demand diversion 
Drawing passenger demand 

The first target market for TransPod’s technology is the global intercity passenger market, specifically regarding 
inland transportation. Many corridors around the world do not have efficient passenger transportation for cities 
located around 500 km away from each other. In this case, air travel takes a very short time but forces customers 
to commute to airports and wait a long time for boarding and disembarking. Meanwhile, train service is usually poor 
and doubles the trip duration compared to aircrafts. TransPod’s hyperloop technology directly solves this issue by 
providing fast and affordable transportation in these corridors. 

People are increasingly looking to travel cheap and fast. However, the aviation sector is struggling to accommodate 
this new capacity. As economies are growing, increased passenger transport will generate important C02 
emissions and present a true threat to humanity. 

While TransPod’s technology is particularly well suited for diverting air passengers, a vast majority of the ridership 
will also come from rail and road transport. Providing a more flexible and quicker alternative to driving will attract 
road users and transform the way commute. Indeed, it will be possible to live and work in two cities far apart from 
each other and take the hyperloop system to get to work. The system will dramatically shrink distances and 
transform regions into interconnected boroughs. 

Diverting a significant number of passengers from existing modes of transport will drastically reduce transportation- 
induced C02 emissions, resulting in better air quality while actively fighting global warming. 

Drawing freight demand 

Over the past five years, e-commerce has been growing at an extremely fast pace and will keep growing at an 
average rate of 7% in North America, 5% in Europe and 14% in Asia Pacific within the next decade. This 
unprecedented growth is driving the revenues of express shipping companies such as UPS, DHL, and Canada 
Post, which are heavily investing in new warehouses and transport modes to cope with this sharp increase in 
demand. There is therefore an increasing need for more capacity and faster freight transport to satisfy the needs of 
Billions of consumers. Air cargo is currently the most used mode of transport for express freight delivery and is 
followed by truck transport. 

Despite a substantial growth, air freight is set to be increasingly constrained with landing right restrictions, overused 
routes, noise abatement and air pollution as global traffic increases. Furthermore, the transport modes used for 
express freight shipments are the most polluting. The fast market growth will engender a sharp increase in GHG 
emissions, which raises a paradox between increasing trade and achieving sustainable development. 
Unfortunately, other modes of “green” high-speed freight transport such as high-speed rail and MAGLEV did not 
prove to be economically viable for express deliveries due to high costs and low speeds. 

The transportation system designed by TransPod is an answer to the growing express freight demand, while 
strongly contributing in reducing the environmental footprint of global freight transport. The TransPod system can 
connect industrial areas 500 km away in 30 minutes to less than an hour. The target market of this system will be 
air cargo, courier shipments, time-sensitive Less Than Truckload (LTL) shipments, perishable products, and other 
high-value goods transported by truck. Each pod vehicle has a payload capacity ranging from 5 to 15 tonnes and 
will be able to support automated loading and unloading. Pod terminals are designed to work efficiently with existing 
and upcoming last mile delivery technologies such as driverless trucks, drones, and automated ground vehicles. 
TransPod already began talks with executives from DHL, UPS, and Sameday Worldwide to better understand the 
industry’s needs. Overall, shipping companies have shown a strong interest for TransPod’s technology as it will 
help reducing inventory holding costs, replace cargo planes, reduce cut-off times to increase freight efficiency, and 
contribute to a more agile supply chain. 
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3.4.1 Advantages against other passenger transportation systems 

Automobile, conventional rail, high-speed rail, and passenger flights are all target markets for which TransPod 
provides a competitive alternative for consumers. Passenger travel as well as cargo (express shipments of 
lightweight high-value goods as currently carried in FedEx, UPS, and DHL trucks and aircraft) are both applications. 
Currently-existing modes of transportation are compared to TransPod in the following section. 

Figure 5: Benchmark with other modes of transport 


Categories 

Passenger flights 

High-speed Rail 

Car 

Bus 

TransPod 

1 - Speed 
performance 

Medium 
(600-925 km/h) 

Low 

(150-350 km/h) 

Low 

(70-120 km/h) 

Low 

(70-110 km/h) 

High 

(1000-1200 km/h) 

2- Frequency 
of departures 

Medium 

(1 hour to 24 hours) 

Medium 

(15-30 minutes) 

High 

(Available on 
demand) 

Medium 

(1 hour to 12 hours) 

High 

(80 seconds) 

3- Fuel 
efficiency and 
sustainability 

Low 

(Aviation Fuel) 

Medium 

(Electric from grid) 

Low 

(Gasoline) 

Medium 

(With high passenger 
ridership fuel 
consumption per 
capita is low) 

High 

(Electric with grid 
connection + 
integrated solar 
generation) 

4- Energy 
efficiency 

Low 

(Most of fuel 
consumed while 
ascending) 

High 

(Near-Plorizontal; + 
Regenerative braking) 

Low 

(Accelerating and 
decelerating on the 
road burns fuel at 
inefficient rates) 

Low 

(Accelerating and 
decelerating on the 
road burns fuel at 
inefficient rates) 

High 

(Near-Horizontal; + 
Regenerative braking) 

5- Down time 
performance 

High 

(Replacement jet 
can service a 
different airport 
gate.) 

High 

(Alternate tracks can 
typically be used at 
lower speed.) 

Low 

(Can take multiple 
business days to fix 
the malfunction.) 

Medium 

(Replacement buses 
available with a fleet, 
finite amount of buses 
available) 

High 

(Reduced down-time 
due to simplified tube 
infrastructure) 

6- Cost 
effectiveness 

High 

(Airport shared with 
other routes) 

Medium 

(Worldwide average 
cost per km of $35M 
CAD) 

Low 

(Vehicle and 
insurance cost 
incurred by singular 
driver) 

Medium 

(Vehicles share the 
road, passengers 
share price of trip) 

Medium 
(Simplified tube 
infrastructure) 

7- Weather 
resistance 

Low 

(Delays, 

cancellations, risk 
of crashes) 

Medium 

Some effect 

Low 

(Highly exposed to 
weather events when 
conducting a journey) 

Low 

(Highly exposed to 
weather events when 
conducting a journey) 

High 

Protected tube 
environment 

8- Incursion 
performance 

Medium 
(Bird strikes) 

Medium 

(Pluman & automobile 
collisions) 

Low 

(Accidents with 
vehicles, pedestrians 
and animals all 
prevalent factors) 

Low 

(Safer than cars for 
accidents due to large 
structure but very 
susceptible to 
collisions) 

High 

(Protected tube 
environment) 

9- Motion 
sickness 
prevention 

Medium 

(Turbulence due to 
weather conditions) 

Medium 

(Angle of vehicle 
rotates whenever 
speed is different) 

Medium 

(Quick acceleration 
and deceleration 
required, vehicle 
dependent) 

Medium 

(Slow acceleration, 
sometimes intense if 
necessary) 

High 

(Self canting 
mechanism) 

10- Passenger 
comfort 

Medium 
(+/- 25 kPa 
whenever jet climbs 
to cruising altitude) 

Medium 

(+/-10 kPa whenever 
train goes through a 
tunnel) 

High 

(Comfortable amount 
of physical space, 
private area) 

Medium 

(Comfortable amount 
of space, public area) 

High 

(Cabin air pressure 
held same as outside 
environment) 

11 - Distance 
between stops 
for peak 
efficiency 

High 

(1000+ km Long- 
haul flights) 

Medium 
(100+ km) 

Medium 
(500-700 km) 

Medium 
(500-1000km) 

Medium 
(400-1000 km 
Distance of short 
flights) 
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1. Speed Performance: High-speed rail, car and bus all scored low in terms of speed when transporting 
passengers. The speed range for these three modes of transport are between 70 and 350 km/h. Air, which 
is traditionally known as the fastest form of transportation has a medium rating given the fact that the 
TransPod system has the capability to travel up to 1200 km/h. 

2. Frequency of Departures: Passenger flights, high-speed rail and car trips all scored medium in 
frequencies of departures. Depending on schedules one may wait only 15 minutes or up to several hours 
in order to embark on their journey. Car and TransPod’s hyperloop travel both scored high in this category. 
A car has virtually no frequency of departure due to the fact that the car is parked a driveway until the 
journey starts. The high departure frequency provided by TransPod eliminates the need for prior booking 
and makes the service very convenient. 

3. Fuel Efficiency and Sustainability: Passenger flights and cars both scored low in this category due to the 
sheer volume of gasoline/ kerosene that has to be consumed in order to travel with this mode of transport. 
High speed rail and buses with slow travel speeds and communal riding features burn gas at a much lower 
rate per capita, giving a medium performance score. The difference between these four traditional modes 
of transport and a TransPod Hyperloop system is the renewable energy utilization of the system. The entire 
energy consumption of the system is offset through solar panels that line the infrastructure of the tube. 

4. Energy efficiency: Airplanes, cars and buses all scored low in terms of energy efficiency. The mutual 
reason for the low score is due to inefficient gas consumption during abrupt acceleration and deceleration 
periods. During the takeoff ascension of an airplane, a disproportionate amount of kerosene is consumed 
by the engines versus the remaining segment of the flight. Furthermore, for cars and buses, the engine 
consumes significantly more gasoline when accelerating to highway speeds after a traffic jam, accident, or 
when merging onto the highway from a city road. High-speed rail and TransPod’s transportation system 
both scored high in terms of energy efficiency. Both scored high due to regenerative braking (where energy 
is stored and reused when deceleration occurs) and near-horizontal track elevation (subsequently 
eliminating the need for higher energy consumption rates during uphill travel). 

5. Down time performance: The Car scored the only low in terms of down time performance. Rightfully so, 
when a personal vehicle breaks down, a traveller becomes completely paralyzed until the vehicle is 
repaired, which can take multiple business days. Although the bus is also a road vehicle, there is some 
replacement flexibility due to fleets. This replacement isn’t a certainty can cause delays to travel. Air travel, 
high speed rail and TransPod all scored high in this category. Airplanes are flexible due to the different 
airport gate capabilities and replacement vehicles as a whole. High speed rail has alternative track options 
which help prevent down time. TransPod systems operate is such simple infrastructure environments (no 
weather elements, near horizontal travel, etc.) that pods are unlikely to breakdown frequently. 

6. Cost Effectiveness: Car travel scored low in terms of cost effectiveness performance. Multiple variables 
contribute to this low score. These include: insurance, maintenance and gasoline prices, all of which are 
incurred by the owner. High-speed rail, bus and TransPod all scored medium in terms of cost effectiveness. 
All three modes split the costs of system operations across its customers, hence making ticket prices 
reasonable. Air travel scored high in cost effectiveness mainly due to the number of passengers which 
travel on any given flight, and due to the high number of kilometres that air travel covers in such a short 
amount of time. Furthermore, airports are utilized by a large number of airplanes simultaneously that 
infrastructure costs are very low. 

7. Weather Resistance: Passenger flights, car and bus travel scored low in terms of weather resistance. All 
of these different modes become effected by weather events which subsequently induce delays, 
cancellations and sometimes create accidents. High Speed Rail scored medium due to a greater resistance 
towards inclement weather events. TransPod’s system scored high in Weather Resistance. The main 
reason for this score is the enclosed tube that the system operates in making the system completely 
resistance to any weather events. 
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8. Incursion Performance: Bus and Car travel both predictably scored low in Incursion Performance. 
Naturally, road travel is particularly vulnerable to incursion due to the sharing of motorways with thousands 
of vehicles, pedestrians, animals, etc. The rate of accidents is therefore significantly greater for road travel. 
Both passenger flights and high-speed rail scored medium in terms of incursion performance. Both pose 
low vehicular incursion threats due to centralized traffic monitoring systems. However, both mediums 
operate within the natural environment, making incursions like bird strikes or animal crossings a possibility. 
TransPod’s system scored high due to its isolated tube operation factor. 

9. Motion Sickness Prevention: Passenger flights, high-speed rail, car and bus travel all scored medium in 
terms of motion sickness prevention. Passenger flights can have unpredictable turbulence, creating motion 
sickness. High-speed rail cars rotate to smooth out turns when there are increases in speed. This rotating 
sensation can cause an uncomfortable sensation. Car travel was difficult to score due to the high standard 
deviation of motion sickness factors. Vehicular accelerations vary tremendously based on the type and 
quality of the operated vehicle. Furthermore, unpredictable traffic jams during journeys create potentially 
high deceleration periods. Due to the large variance in factors, motion sickness prevention was given a 
medium score. Bus travel was also granted a medium motion sickness prevention score. Buses tend to 
accelerate quite gradually. However, due to the mass of the vehicle, deceleration periods can be very 
intense, which can create motion sickness for its passengers. The TransPod system scored high in this 
category, due to its self canting mechanism. This mechanism constantly fixes the pod to a horizontal plane. 
Meaning that even during turning segments, the passengers within the pod feel as though the pod is 
travelling flat and straight. 

10. Passenger Comfort: Passenger flights, high-speed rail and buses were given a medium score for 
passenger comfort. Passenger flights and high-speed rail exert kPa forces on their passengers, which can 
lead to an uncomfortable sensation. Buses travel at ground level, meaning no kPa force, but are very 
cramped, shared spaces, which usually isn’t very comfortable for its passengers. Cars and TransPod’s 
system scored high in terms of passenger comfort. Both modes present comfortable amounts of seating 
space and low kPa exertion. This makes for a very comfortable passenger ride. 

11. Distance between stops for peak-efficiency: High-speed rail, car, bus and TransPod travel all scored 
medium in terms of distances between stops. All of these modes need to stop at sometime under 1000 km 
of travel in order to achieve efficient travel. Passenger flights was given a high score for distance between 
stops due to long haul flights which travel more than lOOOkm’s before having to stop and refuel. 
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3.4.2 Advantages against other freight transportation systems 

Due to its size and weight, a standard TransPod hyperloop pod can load between 5 and 15 tonnes of freight and 
exceed 1000 km/h. The TransPod system would operate between several terminals loading up the pods and 
unloading the upcoming pods. For instance, a Toronto-Montreal bi-directional system could haul a yearly capacity 
of more than 10M tonnes of freight. However, this capacity is subject to several variables such as the operating 
speed, frequency, acceleration, headway etc. By providing a very fast way of transporting goods, hyperloop could 
directly compete with air cargo but also grasp a significant share of LTL shipments in the corridor. The advantages 
of the TransPod infrastructure are the following (High, Medium, Low): 

Figure 6: Benchmark of TransPod freight 


Categories Air Cargo Truck (Diesel) Rail Freight H^gh Speed TransPod 


1 - Capacity 
(tonnes) 

Low 

(focuses on 
lightweight, highly 
time-sensitive) 

Medium 

(can haul a lot of 
different freight) 

High 

(focuses on heavy 
freight) 

Medium 
(hauls small 
containers and 
pallets) 

Medium 

(hauls air containers 
and pallets) 



High 

Medium 



2- GHG 

High 

(direct and indirect - 

(diesel trains produce 

Low 

Low 

Emissions 

(most polluting mode) 

as congestion 

GHGs and fine 

(entirely electric) 

(entirely electric) 



generates pollution) 

particles) 



3- Frequency 

High 

(quick turnaround, 
but few departs per 
day) 

High 

(very quick 
turnaround) 

Low 

(takes time to load) 

Medium 

(quick turnaround but 
longer loading time) 

High 

(turnaround in less 
than 30 min) 


High 

Low 

Low 

Medium 

High 

4- Speed 

(Average speed: 700 

(Average speed: 80 

(Average speed: 50 

(average speed: 200 

(Average speed: 


km/h) 

km/h) 

km/h) 

km/h) 

680+ km/h) 


Medium 

High 

Low 

Low 

Low 

5- Flexibility 

(Constrained to 

(Can load/unload 

(Constrained to 

(constrained to 

(Constrained to 


airports) 

anywhere) 

railyards) 

railyards) 

terminals) 

6- Weather 
Resistance 

Low 

(frequent cancelled or 

Low 

(frequent highway 

Medium 

(derailments due to 

Medium 

(derailments at high 

High 

(protected inside the 

delayed flights) 

collisions) 

ice on tracks) 

speeds) 

steel tube) 

7 - Cost per 
tonne/kilometre 

High 

(high fuel and 
maintenance 
expenses) 

Low 

(low fuel and 
maintenance 
expenses) 

Low 

(Low fuel and 
maintenance) 

High 

(high maintenance 
costs) 

Medium 
(moderate 
maintenance and 
energy costs) 


The figure compared the solution of TransPod hyperloop with existing modes of transport. Overall, Air Cargo is 
considered to be the gold standard for express freight delivery, in addition to trucking for some corridors, providing 
a cheaper and more flexible option. The TransPod hyperloop system therefore positions itself as a hybrid between 
air cargo and trucking by being able to ship time-sensitive freight quickly while minimising costs and GHG emissions. 
The low costs are mainly attributed to the simplified infrastructure which does not rely on permanent magnets on 
the track unlike traditional MAGLEV systems. Furthermore, the infrastructure is grade separated, allowing to reduce 
land acquisition costs and other heavy civil works required for high-speed rail projects. 
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1. Capacity (tonnes): Air Cargo scored low in tonnage capacity. Due to the expensive nature of flying, air 
cargo focuses on lightweight, time-sensitive packages, making the tonnage carried relatively low. Truck, 
freight high-speed rail and TransPod scored medium in terms of tonnage capacity. All of these modes can 
carry smaller sized containers, containing heavier products than Air Cargo. Diesel Rail can carry high 
tonnage products, giving this mode a high score. 

2. GHG Emissions: Air Cargo and Truck scored low in GHG emissions. Being powered by gasoline and 
kerosene is the reason for these high emission levels. Rail powered by diesel scored medium due to its 
lower emission amounts vs. air and truck transportation. However, this mode is still powered by diesel fuel 
which creates carbon dioxide emissions. Freight high-speed rail and TransPod both scored high due to 
their operations being powered by electricity, which produces no direct greenhouse gas emissions, making 
these systems truly sustainable. 

3. Frequency: Diesel Rail scored the only low for frequency of travel. This is related to the heavy payloads 
which take a significant amount of time to load onto the train prior to departure. Freight high-speed rail 
scored a medium due to its lighter weight cargo. With that being said, these smaller containers take time to 
load on different train cars. Air Cargo, truck and TransPod all scored high in terms of frequency. With quick 
refuel times for airplanes and trucks, and convenient loading spaces, these turnarounds can be very quick. 
TransPod’s system doesn’t need any refuelling time, while small containers are quickly loaded into the pod, 
and the departure can then begin. 

4. Speed: Truck and Diesel Rail scored low in terms of speed. These services operate between 40-80 km/h, 
making deliveries very slow. Freight high-speed rail has a maximum speed of 200km/h, a step up from 
diesel trains, giving this transportation system a medium score. Air Cargo and TransPod scored high, with 
speeds reaching over 700km/h during travel. 

5. Flexibility: Diesel rail, freight high-speed rail and T ransPod scored low for delivery flexibility. Each of these 
modes are constrained to terminals, where arrivals and departures must connect through these areas. Air 
Cargo scored medium due to the airport connections, providing a little bit more flexibility than train terminals. 
Lastly, truck transport was given a high score due to its direct to customer capabilities through roadways. 

6. Weather Resistance: This factor is becoming more and more important as the time sensitivity of 
consumers and businesses alike is increasing. Air Cargo and Truck both scored low due to weather 
cancellations for flights and inclement weather causing roadway collisions for trucks. Both resulting in 
significant delays. Diesel rail and freight high-speed rail both scored medium in the weather resistance 
categories. There are some weather-related delays; icing of track, etc. however these delays are much 
less prevalent than during air and road travel. TransPod’s system scored high in weather resistance, as the 
tube operates in a tube environment, eliminating all weather elements associated with transportation. 

7. Cost per tonne/ kilometre: Air Cargo and freight high-speed rail scored high for cost per tonne/ kilometre. 
Both of these modes consist of high maintenance costs, which drive the cost per tonne/kilometre up. 
Furthermore, Air Cargo is subject to very high kerosene costs, driving the operating cost up even further. 
TransPod was given a medium score. This is due to the much cheaper energy costs than Air Cargo, and 
more moderately priced maintenance costs in comparison to freight high-speed rail. Truck and Diesel Rail 
both scored low in terms of cost per tonne/ kilometre. The fuel costs for these mediums are low and 
maintenance costs are also relatively low. 
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3.4.3 Case Study across other modes of transport: Bangkok to Chiang Mai 

Having presented all of the different features of these transportation systems, we will compare the practical 
applications of the systems for one of the routes that we are studying within this feasibility study; Bangkok to 
Chiang Mai. 

Figure 7: Bangkok - Chiang Mai Comparison 


Categories 

Passenger 

flights 

High-speed Rail 

Car 

Bus 

Rail (Diesel) 

TransPod 

1- Length of 
Trip 

(Including 
waiting and 
access time) 

Total travel time: 

Medium 4h13m 

Total Travel time: 

Medium 3h18m 

Total travel time- 

High 9h05m 

Total travel time- 

High 10h32m 

Total Travel time: 

High 13h11m 

Total Travel time: 

Low 

1h12m (incl. 
access time) 

52 min (excl. 
access time) 

2- Cost of 

Medium 

Medium 

High 

Medium 

Low 

Medium 

trip 

(THB 1071.80) 

(THB 1090) 

(THB 1561.80) 

(THB 628.60) 

(THB 251.00) 

(THB 1012) 

3- 

Frequency 

of 

departures 

Medium 
(Every -33.15 
minutes) 

Medium 

(20-60 minutes, 3 
trains per hour 
maximum) 

High 

(Available on 
demand) 

Medium 
(-25 minutes) 

Low 

(Average 
departure every 

2.7 hours) 

High 

(86 seconds) 







Medium 

4- Capacity 
of Vehicle 

Medium 

(85-215 

passengers) 

High 

(600-1,000 

passengers) 

Low 

(5-7 passengers) 

Medium 

(60-80 

passengers) 

High 

(-447 

passengers) 

(27-40 passengers 
per pod, 4000 
passengers per 
hour) 


Low 

(Replacement 
airplanes can 
service a 
different airport 
gate.) 



Medium 
(Replacement 
buses available 
with a fleet, finite 
amount of buses 
available) 

Medium 


5- Likelihood 
of Trip 
Cancellation 

Medium 
(Somewhat 
weather resistance. 
Alternative tracks 
available.) 

High 

(Can take multiple 
business days to 
fix the 

malfunction.) 

(Relatively 
weather 
resistance and 
some vehicle 
substitutes readily 
available) 

Low 

(Reduced down¬ 
time due to 
simplified tube 
infrastructure) 

6- Accident 
Potential 

Low 

(Aviation has by 
far become the 
safest mode of 

Low 

(Shinkansen trains 
do not have one 

High 

(2 nd highest road 
fatality rate in the 
world) 

High 

(Slightly safer than 
car travel due to a 
larger vehicle 
structure. Roads 
are still 
susceptible to 
accidents) 

Low 

(Very few fatalities 
in Thailand’s rail 
history) 

Low 

(Protected tube 

(Safety) 

mass 

transportation in 
the world) 

operating fatality in 
their history) 

environment) 

7- Minimum 

High 

High 

Low 

Low 

Medium 

Medium 

Pleadway 

-2.6 minutes 

-3 minutes 

2 seconds 

5 seconds 

97 seconds 

80 seconds 
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This colour coded comparison chart summarizes the differences in user experience between air, high-speed rail, 
car, bus, diesel rail and TransPod tube transportation within the Bangkok- Chiang Mai corridor of Thailand. All of 
these modes of transport are currently available for travelers, apart from high-speed rail and TransPod’s tube 
transportation system. The reason we included high-speed rail as apart of this comparison is due to the 
governmental planning conducted by the Thai government with plans to construct the Japanese Shinkansen high¬ 
speed rail system in Thailand. 

The following section will analyze the different characteristics of each different system and compare them with one 
another. This comparison is an attempt to determine what level of user experience is presented by each mode of 
transportation within this corridor. 

1. Length of Trip: We broke down the length of trip in this chart based on travelling from the city centre of 
Bangkok to the city centre of Chiang Mai. Depending on the different modes of transportation, factors such 
as embarking times (i.e. buffer arrival time at airport), and transfers to and from city centres were included 
in this length of trip calculation. Hence the total travel time is the true representation of how long it will take 
for an individual to travel from Bangkok to Chiang Mai, with each respective form of transportation. 
Car, Bus and Diesel Rail all achieved low ratings. These travel times will occupy the majority of a traveler’s 
day and therefore received a low rating. Air travel and High-speed rail both were granted medium ratings. 
TransPod tube transportation was given the only low rating with a travel time of 52 minutes from city centre 
to city centre, excluding access time to get into and leave stations. The system will have more frequency 
and few security/checking in processes than trains or planes (similar to taking a subway train). 

2. Cost of Trip: Although travel costs have strong variable factors depending on the type of ticket purchased, 
for the purpose of this comparison chart, we consistently chose the cheapest ticket possible for each 
respective mode. We decided on this methodology in order to reflect the basic question of how much it 
costs for a traveler, with each respective form of transportation, to travel from point A (Bangkok) to point B 
(Chiang Mai). Car travel was given the only high rating for cost of trip. This rating was granted due to the 
figure of car travel costing 45.7% more than the second most expensive form of transport, air travel, within 
this corridor. Air travel, High-speed rail, and TransPod’s tube transportation all had very similar values and 
were immediately ranked within the medium category of cost. The cost of a hyperloop trip with TransPod is 
estimated to be 1012 Baht, which can be cheaper than high-speed rail. Diesel Rail was also granted a low 
cost of trip rating, being substantially cheaper than any other form of transportation in the corridor. 

3. Frequency of Departures: This category was introduced in order to give the reader a sense of how readily 
available each mode of transport is within the Bangkok - Chiang Mai corridor. Diesel Rail by far had the 
least frequent departures of 2.7 hours on average in this corridor, earning the mode a low rating. Air travel, 
high-speed rail and bus travel were granted medium ratings, with a departure of 3 trains per hour and 2750 
passengers per hour. High ratings were granted to car and TransPod travel. Cars by nature are infinitely 
available as they are user owned, hence they have no waiting time. TransPod systems depart from stations 
around every 80 to 120 seconds, making the system highly available, with a capacity of over 4000 
passengers per hour. It is also possible to couple pods together to form short “trains” of pods, which would 
depart for the same direction at a given moment. This technology will enable a significantly greater capacity 
at peak hours. 

4. Capacity of Vehicle: This category is mostly for informative purposes, presenting the facts of how many 
passengers can be held in each respective vehicle of travel. There are some passenger comfortability 
implications in these numbers, however, the correlation isn’t 1-1, due to additional factors such as physical 
space, seating arrangements, etc. playing a role in passenger comfort. High ratings were granted to high¬ 
speed rail and diesel rail, with vehicle capacities between 447 and 1,000 passengers. Medium ratings were 
granted to air travel, bus and TransPod, with respective capacities of: 85-215, 60-80 and 27-40 passengers. 
A low rating was given to car travel for a capacity between 5 and 7 passengers. A lower capacity per vehicle 
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makes it more cost effective to run a line with high ridership fluctuations, as the number of pods in circulation 
can be optimised. 

5. Likelihood of Trip Cancellation: This category directly has passenger experience implications, with many 
consequences as a result of a trip cancellation. The singular high rating granted in this category was car 
travel. This rating was granted due to the fact that car travel has high exposure to factors such as the 
weather, accidents and vehicle breakdowns. Any of these factors can create a trip cancellation. 
Furthermore, with a lack of vehicle replacement capabilities, any small breakdown or problem can 
immediately cancel trips. Medium ratings were granted to high-speed rail, bus and rail diesel. All of these 
modes of transportation have replacement capabilities, considering there are vehicle fleets associated with 
each form of transport. Both forms of rail have enhanced weather resistance over road transportation, 
making the likelihood of trip cancellation smaller. The two low ratings of trip cancellation were given to air 
travel and TransPod transportation. Air travel has many replacement capabilities of vehicles and 
infrastructure (airport gates). TransPod operates in a tube environment, making the system entirely immune 
to any weather elements and making operations linear by nature. 

6. Accident Potential: This category has bold implications for passenger safety. There are two high ratings 
in this category, car and bus travel. The main reason for this rating is due to Thailand’s extremely high road 
fatality rate of 36.2 fatalities per 100,000 people, which ranks second highest in the world. This figure directly 
speaks to the amount of accidents that occur on Thai roads, which are clearly dangerous. Furthermore, this 
figure speaks to the large amount of fatalities that occur as a result of these collisions. Overall, this makes 
any road travel in Thailand relatively dangerous. Air travel, high-speed rail, diesel rail and TransPod were 
all given low ratings due to their outstanding operating records. Air travel is infamous for being the safest 
form of mass transportation in the world. The Japanese and Thai government were planning on 
implementing the Shinkansen high-speed rail system in Thailand. Hence the operating records of this 
system, which currently operates in Japan, was used in order to forecast passenger safety. There have 
been no operating fatalities in the history of Shinkansen high-speed rail. Diesel Rail in Thailand has had a 
few fatalities throughout its history, making the system relatively safe versus the motorways of the country 
which claim around 24,000 lives per year. Lastly, TransPod’s system operates autonomously in a controlled 
environment, making safety standardized and consistent. 

7. Minimum Headway: In terms of absolute value, these different forms of transportation all have relatively 
small headway time. The largest vehicle headway time would be the Shinkansen high-speed rail system, 
which is close to 3 minutes. The headway value for airplanes (2.6 minutes) was calculated for the Don 
Mueang Airport. Both high-speed rail and airplane travel were given high minimum headway ratings. Diesel 
(rail) and TransPod’s system were given the two medium ratings for headway, with respective times of 97 
and 80 seconds respectively. This amount is still very small in terms of customer experience and trip 
accessibility. Lastly, Car and Bus travel were given low rating minimum headways of 2 and 5 seconds. 
These times were calculated based on the amount of time necessary to successfully slow down a vehicle 
without a collision during the case of a stoppage (i.e. traffic jam). 
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4. Economic Analysis 

4.1 Existing ridership and mode share 

The Kingdom of Thailand is separated into 76 distinct provinces and 4 regions. The distance between the most 
northerly and southerly ends of the country is around 1500 kilometres. The central and dominating primate capital 
of Thailand is the city of Bangkok, which holds 14% of the country’s population. Bangkok is located in the Central 
Thailand region, which covers the alluvial plain of the Chao Phraya river, a catalyst of the region’s prosperous 
history. The Northern Region is infamous for its numerous mountain ranges and river valleys. Distinct cultures of 
the Northern Region include festivals, museums and cuisine. Hill tribes are a minority group in Thailand and are 
natives of the mountainous Northern region. The Southern region is known for its beaches and limestone eroded 
islands. The region’s coast lines are the Andaman Sea to the West and the Gulf of Thailand to the East. There is a 
mountain range that spans the western coast of the region. 


The main types of domestic transportation methods include rail, air and road. 




Rail transportation 

Rail transportation is entirely controlled by the State Railway of Thailand. The 
company has posted an annual loss every year since 1951. The rail 
infrastructure of Thailand receives relatively limited funding, which creates 
major challenges for the SRT to serve their customers effectively. The majority 
of the country can be reached by rail apart from north of Chiang Mai (the most 
mountainous region of Thailand) and locations along the Andaman Sea 
including Krabi and Phuket. 

Road transportation 

The Thai road network has 70,000 kms of road that spans across all 76 
provinces of the country. Due to the number of cars on the road increasing, the 
Thai government has invested into developing motorways in order to match this 
demand. A key figure with regards to road travel in Thailand is the road traffic 
fatality rate of 36.2 per 100,000 people, ranking 2nd highest in the world. 

Air transportation 

The Thai air travel infrastructure is developing quickly. The tourism industry is 
estimated to make up between 9% (lower bound) and 17% (upper bound) of 
Thailand’s GDP, hence it is in the interest of the government to invest in 
infrastructure that supports this industry. Recently, Thailand made plans to 
double their Bangkok airport passenger capacity in an effort to become 
Southeast Asia’s hub for air transport. In terms of travel costs, Thailand ranks 
8th in the world for cheapest domestic flights, with customers paying on average 
$4.77/km. 
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4.1.1 Bangkok - Chiang Mai 

The cities of Bangkok and Chiang Mai are separated by 690 kilometres and are situated in two distinct regions of 
the country, Bangkok located in Central Thailand and Chiang Mai in Northern Thailand. Central Thailand covers the 
broad alluvial plain of the Chao Phraya river. Bangkok, the capital of Thailand, is the most primate city in the world. 
With numerous shrines, bustling nightlife and a series of canals, Bangkok is a dominant city and a financial hub for 
Thailand. Journeys from Bangkok to Chiang Mai follow the path of highway 1, a major roadway which connect the 
main cities. Along this route, there is a striking change of landscape from the flat plane of the Chao Phraya river to 
picturesque mountain ranges and river valleys. The highest point in the country, Doi Inthanon, is located in the 
province of Chiang Mai, which makes the region susceptible to the coldest winters in Thailand. Chiang Mai is 
receiving a constant growth in tourism and has been voted one of the top destinations in the world by several 
magazines. As it stands currently, there are three modes of transport that are available to a commuter travelling 
within this corridor; rail, air and land. A traveller can take the bus, a car, a train or an airplane to travel within this 
corridor. This table summarizes the time and the monetary cost to travel in this corridor with each respective travel 
mode 2 : 


Figure 8: Existing travel cost and time of a one-way trip (Bangkok - Chiang Mai) 


Transport mode 

Fare type 

Cost (One Way) 


Time (One Way) 

Bus 

Economy 

THB 628.60 


10:32 

Car 

N/A 

THB 1,561.18 


9:05 

Rail 

First Class 

THB 1,548.00 


13:11 


Second Class 

THB 643.77 


13:11 


Third Class 

THB 251.00 


13:11 

Air (Don Muang Airport) 

Premium Economy 

THB 1764.70 


4:15 


Discount Economy 

THB 1071.80 


4:15 

The time and cost figures in this table do not include any transit to or from the airport. 

Prices listed are solely the 

cost per ticket of each mode. 

The table below summarizes the entire cost from city centre to city centre within the 

Bangkok - Chiang Mai corridor. Taxi and local transit prices were quoted for this data set 3 . 

Figure 9: Existing travel cost including other modes of transport (Bangkok - Chiang Mai) 


Mode of Class of Ticket Ticket Price 

Transfer type to 

Cost of 

Total Cost of 

Transport 


Station 

Transfer 

Trip 


Bus 

Car 

Rail 

Air (From Don 
Muang Airport) 


Economy 

N/A 

First Class 

Second Class 

Third Class 

Premium 

Economy 

Discount 

Economy 


THB 628.60 

THB 1,561.18 

THB 
1,548.00 
THB 
643.77 
THB 
251.00 
THB 
1,764.70 
THB 
1,071.80 


Taxi 

THB 339.91 

THB 968.51 

Transit 

THB 57.00 

THB 685.60 

Taxi 

THB - 

THB 1,561.18 

Transit 

THB - 

THB 1,561.18 

Taxi 

THB 336.66 

THB 1,884.66 

Transit 

THB 207.50 

THB 1,755.50 

Taxi 

THB 336.66 

THB 980.43 

Transit 

THB 207.50 

THB 851.27 

Taxi 

THB 336.66 

THB 587.66 

Transit 

THB 207.50 

THB 458.50 

Taxi 

THB 495.87 

THB 1,780.23 

Transit 

THB 171.46 

THB 1,770.07 

Taxi 

THB 495.87 

THB 1,087.33 

Transit 

THB 171.46 

THB 1,077.17 


2 Source: Google maps, Skyscanner, State Railway of Thailand, other transportation agencies 

3 Source: https://www.taxifarefinder.com/main.php?city=Uber-X-Bangkok-Thailand&lang=en, online resources for fares 
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Aside from the previous High-Speed Rail study conducted by the Japanese railway agency for the Bangkok - 
Chiang Mai corridor, no other recent feasibility study was done for the Bangkok - Phuket corridor. Furthermore, the 
Japanese study is not publicly available, only initial results can be found scattered across multiple reports made by 
the same agency. Collecting ridership data in Thailand is difficult due to the lack of publicly available detailed 
databases. Consequently, the ridership estimates used in this study are subject to the quality of the initial datasets 
used and may not perfectly reflect the traffic levels in the corridors studied. This study attempts to build a detailed 
split of ridership across different modes of transports in the corridor given existing data collected from various 
sources. Data was collected from the Thailand National Model and compared with other sources such as airlines, 
bus operators, and rail operators. Furthermore, additional verification was done by using flight databases such as 
OAG. 

The following figure provides an overview of the initial estimated ridership for the Bangkok - Chiang Mai corridor. 4 

Figure 10: Initial ridership estimates between Bangkok and Chiang Mai 
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More than half of the ridership in the corridor comes from air travel, followed by car. Bus and rail trips remain a 
minority of all the trips in the corridor. This split is easily explained by looking at trip costs, as the price difference 
between a discount economy seat in a plane is not that different from the cost of a bus trip, which takes almost 6 
more hours. Air travel is therefore a very important market in this corridor and constitutes the primary customer 
base for the hyperloop system. Air transportation in the Bangkok - Chiang Mai corridor has a significant amount of 
competition between four major airlines: Thai Lion Air, Thai Air Asia, Thai Airways International, and Nok Air. Thai 
Air Asia and Thai Lion Air are the two most dominant airlines within this corridor, each exceeding 1.6 M. passengers 
transported per year. 

This figure is a conservative overview of the total ridership in the corridor. Furthermore, bus and rail traffic might 
also be higher, particularly during peak tourism season. 


4 Source: Estimates were calculated based on data from OAG for flight data, the Thailand National Model, as well as own estimates. The data 
was adjusted to reflect realistic ridership estimates. 
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4.1.2 Bangkok - Phuket 

The province of Phuket is located within the region of Southern Thailand. The province is separated from the 
mainland and is the largest island in the country. Due to the location of the province within the Andaman Sea, this 
province has historical significance as a sea trading port for many European traders. Currently, the province’s main 
industry is tourism, as the entire island is surrounded by sandy beaches. Phuket’s distinct geology includes 
limestone eroded islands, which is famous throughout the world. 

There are currently two forms of transportation that will take one directly from Bangkok to Phuket; Air and Land. 
One can travel by bus, car or airplane to get to the province of Phuket from Bangkok. The closest rail destination 
for travellers is Surat Thani, the remaining portion of the trip would have to be completed by bus, or car. This table 
shows the price and time it would take for one to travel from Bangkok to Phuket 5 . 


Figure 11: Existing travel cost and time of a one-way trip (Bangkok - Phuket) 


Fare type 


Cost (One Way) 


Time (One Way) 


Bus 

Car 

Rail (To Surat Thani) 


Air (Don Muang Airport) 


Economy 

N/A 

First Class 
Second Class 
Third Class 
Premium Economy 
Discount Economy 


THB 725.88 

13:20 

THB 1915.77 

11:21 

THB 1381.50 

11:02 

THB 543.30 

11:02 

THB 239.36 

11:02 

THB 1551.16 

4:20 

THB 888.36 

4:20 


The following table shows how much an entire trip will cost from the city centre of Bangkok to the city centre of 
Phuket. Taxi and public transport prices were quoted for this exercise. 6 


Figure 12: Existing travel cost including other modes of transport (Bangkok - Phuket) 


Mode of 

Transport 

Class of Ticket 

Ticket Price 

Transfer type to 
Station 

Cost of 
Transfer 

Total Cost of 
Trip 

Bus 

Economy 

THB 725.88 

Taxi 

THB 323.91 

THB 1,049.79 




Transit 

THB 77.00 

THB 802.88 

Car 

N/A 

THB 1,915.17 

Taxi 

THB - 

THB 1,915.17 




Transit 

THB - 

THB 1,915.17 

Rail 

First Class 

THB 1,381.50 

Taxi 

THB 276.66 

THB 1,658.16 




Transit 

THB 25.50 

THB 1,407.00 


Second Class 

THB 543.30 

Taxi 

THB 276.66 

THB 819.96 




Transit 

THB 25.50 

THB 568.80 


Third Class 

THB 239.86 

Taxi 

THB 276.66 

THB 516.52 




Transit 

THB 25.50 

THB 265.36 

Air 

Premium 

THB 1,551.16 

Taxi 

THB 732.43 

THB 2,283.59 

(From Don Muang 

Economy 


Transit 

THB 103.81 

THB 1,654.97 

Airport) 

Discount 

THB 888.64 

Taxi 

THB 732.43 

THB 1,621.07 


Economy 


Transit 

THB 103.81 

THB 992.45 


5 Source: Google maps, Skyscanner, State Railway of Thailand, other transportation agencies 

6 Source: https://www.taxifarefinder.com/main.php?city=Uber-X-Bangkok-Thailand&lang=en, online resources for fares 
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Figure 13: Initial ridership estimates between Bangkok and Phuket 
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Similarly to the Bangkok - Chiang Mai corridor, travel is mostly done by car or plane. This is justified mainly due to 
the relatively large distance between the two cities and the large volume of tourists that are generally inclined to 
travel by plane. 7 

The dominating airline in the corridor is Thai Air Asia with more than 2.4 M. passengers transported each year, 
followed by Thai Airways International with around 1.5 M passengers transported. Other airlines such as Nok Air 
and Bangkok Airways are less frequently utilized. 

While these estimates provide a rough view of the existing ridership in the corridor, the volume of passengers using 
buses and cars may be higher than what is provided in this figure. Specifically, the figure does not provide estimates 
for passengers taking the train from Bangkok to Surat Thani, and then taking the bus to Phuket. As a result, the 
total corridor ridership may be higher than what is currently portrayed. However, these estimates represent a 
conservative view of the total ridership and are reasonable estimates that can be used for the analysis. 


7 Source: Estimates were calculated based on data from OAG for flight data, the Thailand National Model, as well as own estimates. The data 
was adjusted to reflect realistic ridership estimates. 
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4.1.3 Chiang Mai - Phuket 

Chiang Mai and Phuket are separated by 1,514 kilometres and are located in two opposite regions of the country, 
Northern Thailand and Southern Thailand. Chiang Mai possesses the highest altitude in all of Thailand, while the 
province of Phuket is surrounded entirely by the sea. These two provinces both possess a strong tourism draw. 
They are consistently ranked within the top 3 must-visit places in Thailand, and they frequently rank as some of the 
best travel destinations in the world. The provinces respective developments are contingent on the success and 
growth of the tourism industry. Select members of the hill tribes in Northern Thailand rely heavily on tourists for 
personal income. Hence, infrastructure connectivity is critical for the wealth of the citizens and the development of 
the respective cities and provinces. The current forecasted ridership for the Chiang Mai - Phuket corridor is 
presented in the following table below. Furthermore, the options for passengers are presented in this table. The 
options represent various modes of transportation available within the corridor. 8 


Figure 14: Existing travel cost and time of a one-way trip (Chiang Mai - Phuket) 


Total Trips Completed Fare type 


Bus 

Car 

Rail 


Air (Don Muang Airport) 


Economy 

N/A 

First Class 
Second Class 
Third Class 
Premium Economy 
Discount Economy 


Cost (One Way) 


THB 1746.00 
THB 3471.81 
N/A 


THB 5871.33 
THB 2891.61 


Time (One Way) 


24:00 

20:02 

N/A 


5:10 


The total cost of a trip from the city centre of Chiang Mai to the city centre of Phuket is shown below. Taxi and local 
transit prices were quoted. 9 


Figure 15: Existing travel cost including other modes of transport (Chiang Mai - Phuket) 


Mode of Transport 

Class of Ticket 

Ticket Price 

Transfer type to Station 

Cost of Transfer 

Total Cost of Trip 

Bus 

Economy 

THB 1,746.00 

Taxi 

THB 199.00 

THB 1,945.00 




Transit 

THB 165.00 

THB 1,911.00 

Car 

N/A 

THB 3,471.81 

Taxi 

THB - 

THB 3,471.81 




Transit 

THB - 


Rail 

First Class 

THB 2,957.00 

Taxi 

THB 340.00 

THB 3,297.00 




Transit 

THB 218.00 

THB 3,175.00 


Second Class 

THB 1,203.58 

Taxi 

THB 340.00 

THB 1,543.58 




Transit 

THB 218.00 

THB 1,421.58 


Third Class 

THB 470.86 

Taxi 

THB 340.00 

THB 810.86 




Transit 

THB 218.00 

THB 688.86 

Air (From Don 

Premium 

THB 5,144.63 

Taxi 

THB 546.92 

THB 5,691.55 

Muang Airport) 

Economy 


Transit 

THB 243.82 

THB 5,388.46 


Discount 

THB 2,977.44 

Taxi 

THB 546.92 

THB 3,524.36 


Economy 


Transit 

THB 243.82 

THB 3,221.26 


8 Source: Google maps, Skyscanner, State Railway of Thailand, other transportation agencies 

9 Source: https://www.taxifarefinder.com/main.php?city=Uber-X-Bangkok-Thailand&lang=en, online resources for fares 
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Figure 16: Initial ridership estimates between Chiang Mai and Phuket 


0.60 



The existing ridership mode share is dominated by air within the Chiang Mai - Phuket corridor. This lopsided 
ridership is due to a few main factors; the distance, the types of cities and subsequently the type of trips that occur 
within this corridor. Using land or rail to travel such a distance would take a very long time due to speed constraints. 
Secondly, these two cities are strong tourist hubs, meaning that tourists make up the majority of corridor traffic. 
Tourists, who have constrained vacation time, are much more inclined to fly between the city pairs rather than 
renting a car to complete the trip. 10 

The dominating airline in the corridor is Thai Air Asia with more than 135,000 passengers transported each year. 
Thai Smile Airways and Bangkok Airways are the two other prominent airlines who operate flights within the corridor. 
Both transport around 51,000 passengers per year within the Chiang Mai - Phuket corridor. The level of passengers 
traveling by bus from Bangkok to Chiang Mai was deemed too low to be included in the analysis. While the car 
ridership may be very low on this figure, it is very likely that more trips could actually take place in the corridor. 
However, due to the difficult data accessibility, it was not possible to properly map the additional ridership stemming 
from car users. Hence, these projections are quite conservative and are considered relevant for the analysis. 


10 Source: Estimates were calculated based on data from OAG for flight data, the Thailand National Model, as well as own estimates. The data 
was adjusted to reflect realistic ridership estimates. 
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4.2 Cost-Benefit Analysis 


In order to properly estimate the economic impacts of implementing a hyperloop system in Thailand, it is necessary 
to undertake a thorough analysis of the financial impacts of such a system, as well as welfare implications on 
producer and consumer surpluses. This part of the report first goes over the methodology chosen for the analysis 
and provides examples of similar methodologies undertaken in other studies around the world. Secondly, the 
demand for the full corridor is modelled with existing data. Thirdly, a financial analysis is conducted to assess the 
financial benefits of the project. Finally, a welfare analysis is conducted to measure the socioeconomic impacts of 
the system. 

4.2.1 Methodology 

Firstly, it is essential to define a Cost-Benefit Analysis (CBA) in order to properly set the fame for this analysis. CBA 
is an analytical tool used by public organizations for judging impacts of an investment decision by assessing its 
costs and benefits in order to evaluate the welfare change attributable to the project. The heart of a conventional 
benefit estimation in a CBA is the analysis of a change of welfare situations with and without the considered project. 
Welfare can be measured by the sum of consumer’s and producer’s surpluses. 

CBAs are considered as a reference for transport investment appraisal. Most modern academic textbooks would 
summarize the process of CBA in the following manner: 

1. Specify the set of alternative projects 

2. Decide whose benefits and costs count 

3. Identify the impact categories, catalogue them, and select measurement indicators 

4. Predict the impacts quantitatively over the life of the project 

5. Monetise (dollar value) all impacts 

6. Discount benefits and costs to obtain present values 

7. Compute the net present value of each alternative 

8. Perform sensitivity analysis 

9. Make a recommendation 

Although this process allows to build up relevant estimates, most CBA’s includes risk mitigation tools such as a 
sensitivity analysis and break-even calculations that ensures a fair assessment of investment projects. 

The method attempts to quantify certain qualitative factors such as time savings and safety benefits. In case of a 
positive NPV, policy makers typically go on with the project. The early literature identified that the great advantage 
of CBA was its ability to turn implicit judgements into explicit and therefore provide a clear framework for analysis. 
This method became more and more used over the years to evaluate economic factors associated with investment 
decisions because of its simplicity and ability to provide a good overview of the consequences of infrastructure 
investments. Regarding the evaluation of transport projects, CBA attempts to value several qualitative factors such 
as time savings, increased safety and environmental impact. As a result, governments and investors often rely on 
this technique to assess transport investment projects and determine their relevance. Nowadays, the U.S. 
government is even subject by law to use CBA in order to assess alternative policies and programs. These 
characteristics make CBA a very strong tool for transport projects assessment. In order to evaluate the costs and 
the benefits of a project, cost and benefit categories should be clearly defined according to their nature (internal, 
external, variable, fixed, market or non-market). Internal costs are being directly barred by users whereas external 
costs are being imposed on non-users, variable costs are related to the amount of travel (in contradiction to fixed), 
and market involves goods regularly traded in competitive markets (in contradiction to non-market). The most 
frequent cost categories selected in transport are for example Vehicle operation, Subsidies, Travel time, Crashes, 
Parking, Congestion, Road facilities, land value, Air pollution and Noise. 
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4.2.2 Demand Modelling 

Corridor economic profile and project phases 

Due the to the important centralization of Thailand, the population density required to achieve substantial economic 
benefits from connecting several cities is not always available. Consequently, any intercity transportation project 
will not have a significant upfront impact and will act as a driver of population migration instead. The following chart 
provides an overview of the corridor’s existing population. 11 


Figure 17: Population distribution across the corridor 
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Chiang Mai / Bangkok / Phuket 

The Bangkok metropolitan area hosts around 24% of the country’s population, with a total population of around 14 
M inhabitants. While being popular tourist destinations, Chiang Mai and Phuket are significantly smaller than 
Bangkok. Chiang Mai reaches almost 1 M inhabitants, whereas Phuket gravitates around 400,000. In addition, the 
vast majority of cities in the corridor are smaller than 100,000 inhabitants, excluding Nakhon Sawan and Surat 
Thani. As both High-Speed Rail and TransPod technologies both require a certain distance to reach maximum 
speed, it is not possible for such modes of transportation to stop at every single community without additional 
infrastructure investment. 

The general rule of thumb for infrastructure project stipulates that the additional welfare benefits stemming from 
adding a stop to the line shall offset the costs of building additional infrastructure and slowing down the train. In the 
case of Thailand, the population of the cities in the corridor do not generate enough economic benefits to justify a 
stop by high-speed modes of transportation. Consequently, Phase 1 of the project will aim to connect the 
metropolitan areas of Chiang Mai, Bangkok, and Phuket. 


11 Source: Thailand 2010 population census, see http://popcensus.nso.go.th/upload/popcensus-08-08-55-E.pdf 


© 2019 TransPod Inc. All Rights Reserved 


Page | 35 





Connecting regional cities in Thailand 


The Line should pass by smaller cities along the corridor to generate growth, which require additional efforts for city 
planning. This pre-feasibility study, however, excludes the city planning and conservatively quantify benefits from 
the key element (direct trips from Bangkok to Chiang Mai). The detailed feasibility study along with city development 
plan is strongly recommended to make the project even more feasible. 

Building high-speed transportation systems can act as a catalyst to drive economic growth and provide strong 
economic benefits. Indeed, as the project will aim to connect smaller cities, it is foreseeable that cities such as 
Nakhon Sawan turn into successful suburban. Consequently, it will be possible for many hyperloop users to live in 
smaller cities and take a pod to go to work in Bangkok, Chiang Mai or Phuket. This would effectively decentralize 
the country, in addition to relieving congestion in urban areas. Studies 12 have shown that connecting cities with 
faster modes of transport effectively allow companies to relocate and form new industrial clusters. As hyperloop 
would provide faster connections than High-Speed Rail, it is foreseeable that such impact could be dramatically 
enhanced compared to what is currently achievable. 

The following part discusses the conditions under which investing in hyperloop technology could be interesting for 
Thailand. 

Principles of convergence theory 

Thailand is currently in a period of economic transition. Some low-income and middle-income economies around 
the world have shown a pattern of convergence, in which their economies grow faster than those of high-income 
countries. GDP increased by an average rate of 2.7% per year in the 1990s and 2.3% per year from 2000 to 2008 
in the high-income countries of the world, which include the United States, Canada, the countries of the European 
Union, Japan, Australia, and New Zealand. 

When countries with lower levels of GDP per capita catch up to countries with higher levels of GDP per capita, the 
process is called convergence. Convergence can occur even when both high- and low-income countries increase 
investment in physical and human capital with the objective of growing GDP. This is because the impact of new 
investment in physical and human capital on a low-income country may result in huge gains as new skills or 
equipment are combined with the labor force. In higher-income countries, however, a level of investment equal to 
that of the low-income country is not likely to have as big an impact, because the more developed country most 
likely has high levels of capital investment. Therefore, the marginal gain from this additional investment tends to be 
successively less and less. Higher income countries are more likely to have diminishing returns to their investments 
and must continually invent new technologies; this allows lower-income economies to have a chance for convergent 
growth. However, many high-income economies have developed economic and political institutions that provide a 
healthy economic climate for an ongoing stream of technological innovations. Continuous technological innovation 
can counterbalance diminishing returns to investments in human and physical capital. 

Thailand’s nominal GDP has increased by 133% between 2000 and 2016, which is a sign that Thailand began its 
economic transition (see the following figure). 13 


12 See: https://www.pnas.org/content/earlv/2013/03/13/1209247110 

13 Source: https://www.ceicdata.com/en/indicator/thailand/nominal-gdp : : The data was forecasted using exponential smoothing method with 
the hypothesis that the country will achieve its economic catch-up by 2020. 
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Figure 19: Thailand nominal GDP growth forecast (USD) 
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Figure 18: Thailand population split forecast 



Rural population (%) - Urban population (%) 


As the country’s economy is rapidly expanding, populations are gradually moving to urban centres. Back in 2000, 
about 30% of the population was living in urban areas, and 70% in rural areas. 14 In 2015, more than 50% of the 
population were now living in urban areas. The country’s economy is expected to significantly grow during the 
reference years of this feasibility study, which would in turn accelerate the economic return of implementing a 
Transpod system in Thailand. For instance, in 1980, 56% of South Koreans lived in urban areas, whereas 81% of 
the population lived in urban areas in 2010 15 . Such similar pattern is expected in Thailand in the upcoming decades. 


14 Source: https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS : The data was forecasted using exponential smoothing method with the 
hypothesis that the country will achieve its economic catch-up by 2020. 

15 Source: https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS?locations=KR 
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Existing Split 


In order to forecast future ridership for the hyperloop line between Chiang Mai and Phuket, it is necessary to have 
a better understanding of the people’s preference within the corridor. The pre-feasibility study conducted by the 
Japanese High-Speed Rail authority provides a good overview of the current trip distribution in the Bangkok - 
Chiang Mai corridor. This split is particularly interesting for the sake of this study, as it will provide a better 
understanding of the willingness to pay of commuters across all modes of transport. The following figure illustrates 
this split: 16 


Figure 20: Trip distribution in the Bangkok - Chiang Mai corridor 
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16 Adapted from: Bangkok - Chiang Mai stated preference survey, available at: 
http://www.meti.go.ip/meti lib/report/H28FY/000452.pdf 
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According to the survey, most business trips in the corridor are conducted by air travel, followed by bus, and train. 
This preference is not surprising given the substantial travel time savings provided by air travel compared to other 
modes of transport. Private trips are mostly made by personal vehicles, followed by airplanes, buses, and trains. 
Finally, tourists seem to have a strong preference for the train, followed by bus, car, and finally air. 

In addition to the ridership split the survey also provided insight on the Value of Travel Time Savings (VTTS) in the 
corridor. 17 

Figure 21: Value of Travel Time Savings in Thailand (in Baht/hour) 
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While most business travelers seem to prefer the plane due to its speed, it is interesting to note that the value of 
time for tourists seems to be higher than the value of time for business travelers. This may have to do with income 
discrepancies between countries, as the value of time in this study has been estimated using the income method. 
It is also interesting to note that the value of time portrayed in this study is significantly lower than what can be found 
in traditional high-speed rail studies. For instance, the value of time for German business train travelers was 
estimated to gravitate around 30€ (2009) per hour and 10€ (2009) per hour for leisure travelers 18 . Adjusting for 
inflation and converting to Thai Baht results in a value of time of 1,265 Bhat per hour for business travelers, and 
421 Baht per hour for leisure travelers, which is significantly different from the figures previously presented. A 
sensitivity analysis will be conducted in order to properly adjust for statistical errors in the Japanese survey. 

The value of travel time savings is expected to increase proportionally to the average household income increase 
during the country’s economic convergence. Therefore, it is assumed that the value of travel time savings in 
Thailand in 250 should similar to the existing ones of western countries, which economies are already mature and 
will grow at a much slower pace in the decades to come. 


17 Adapted from: Bangkok - Chiang Mai stated preference survey, available at: http://www.meti.go.ip/meti lib/report/H28FY/000452.pdf 

18 See: http://www.sianificance.nl/papers/2012-European%20wide%20meta-analvsis%20of%20values%20of%20travel%20time.pdf 
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The previous section introduced the fare structure currently found in the corridor. Air travel is relatively affordable 
compared to other modes of transport, mainly due to the strong competition between airlines which drove prices 
down. In order to compete with air travel, the hyperloop will have to be priced similarly enough to attract regular 
travelers, and tourists with a higher willingness to pay. It has been estimated that a higher base fare would be 
required for the hyperloop line to break even, given the already low transportation costs. The following table provides 
an overview of the base fare structure used in this study. 19 

Figure 22: TransPod Fares (one way) (1USD=32.26THB) 


Corridor Distance (km) Avg Fare (Baht) Avg Fare (USD) 


Bangkok - Chiang Mai 590 1012.00 32 

Bangkok - Phuket 725 1451.61 45 

Phuket - Chiang Mai 1315 2516.13 78 

It is important to mention that these fares were estimated to maximise diversion from other modes of transportation 
and maximize welfare benefits. If the TransPod line was to be operated by a private consortium, then fares would 
be adjusted to maximize financial returns. 


19 Source: Estimates from the trip diversion model, these estimates maximize economic return 
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Trip diversion 


As the time frame for this report was relatively short, it was not possible to conduct an in-depth stated preference 
survey. However, the data provided by the Japanese study and the socioeconomic data collected throughout this 
study creates a relatively good estimate of the potential ridership for the hyperloop system. 

To determine the split between different modes of transport, following the introduction of the hyperloop 
transportation system, it was necessary to build a statistical model allowing such estimations. The previous study 
provided a logit model which was adapted in order to better represent the current split across the corridor, and to 
factor-in new data from the hyperloop system. A total of 46 utility functions were built to properly determine the split 
between the different modes of transport. Utility functions were unique to each mode of transport between city pairs, 
and split between Business, Private, and Tourism trips. 

The proportion of trips is given by: 

exp(Vi) 

in Y.J exp(V-) 

Where: 

P in : Possibility of choosing transportation mode i of choice set n 
V in : Utility function of transportation mode i (time and cost ) 

Vp ai x ln(Travel Time x VOT ) + bi x ln{Travel Cost ) + Const 
a and b: Parameters of explanatory variables 
i: Transportation mode 
VOT: Value of Time 
Cost: Constant Value 


The following figure provides an overview of the total diversion in the corridor. 20 

Figure 23: Origin of diversion for the hyperloop corridor 
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20 Source: Demand forecasting model built from historical data 
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Overall, the vast majority of the ridership comes from Air. Hyperloop is a strong substitute for high-speed 
transportation systems. The second largest share of the ridership comes from car users, which will use the 
hyperloop due to the drastic travel time savings provided despite the higher costs. Induced trips represent 
approximately 13% of the total ridership. It is expected that these induced trips result from a strong increase in 
tourism trips due to the popularity of the system and the major travel time savings it will provide. 

Ridership forecasts: Bangkok - Chiang Mai 

The first segment forecasted was the line between Bangkok and Chiang Mai. As previously shown, this has a strong 
share of car and air travel, which makes it an ideal candidate for the hyperloop system. Using the previous diversion 
methodology, it has been estimated that the hyperloop system will be able to attract more than 8.67 M passengers 
per year, which will provide important time savings for the country and generate induced trips. Due to the higher 
pricing of hyperloop transport, air travel is still expected to have a small share of the corridor. The following figure 
summarizes the total ridership: 21 

Figure 24: Bangkok-Chiang Mai corridor ridership after hyperloop (in M of trips and %) 
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Following the implementation, hyperloop will dominate travel in the corridor with a 53% share, compared to 21.7% 
for air, 21.6% for car, 2% for bus, and 1.7% for rail. These estimates were made assuming that no high-speed rail 
project will take place between Bangkok and Chiang Mai during the studied period. 


21 Source: TransPod’s Trip diversion model built from historical data 
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Ridership forecasts: Bangkok - Phuket 

Phuket is a famous tourist destination that will become increasingly popular in the upcoming years due to the rapidly 
growing tourism industry in the country. The 700 km route does not currently have any form of rail transportation 
and is mostly reached by cars, buses and by airplane. The closest railway station is Surat Thani, however, trips 
from this origin were not accounted for in this analysis due to the lack of available data. Using the previously 
described logit model, the ridership for the southern part of the line was determined and is provided in the following 
figure. 22 

Figure 25: Bangkok-Phuket Mai corridor ridership after hyperloop (in M of trips and %) 
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Overall, the hyperloop system will also become the dominating transportation system in the corridor, with 8.46 M of 
trips during the first years of the project. This share will represent 51.7% of the total corridor ridership, while 27.7% 
of people will use their car, 24.8% will still use air transport, and 0.8% will use bus. 


22 Source: TransPod’s Trip diversion model built from historical data 
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Ridership forecasts: Chiang Mai - Phuket 

Chiang Mai - Phuket is the least traveled city pair within the corridor. This can be attributed to the long distance 
required to travel between the two cities and the lack of available fast and affordable transportation. For this reason, 
air transport is the dominant form of transportation in the corridor and is mostly used by tourists, as both Phuket 
and Chiang Mai are highly popular destinations. 23 

Figure 26: Chiang Mai- Phuket corridor ridership after hyperloop (in M of trips and %) 
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Implementing a hyperloop line will have a drastic effect on trips between these two destinations. Hyperloop will 
grasp more than 330,000 trips per year, or 61.1% of the new corridor ridership mix. The remaining share will be 
done via air travel, which will represent 37.1% of the total corridor ridership. Finally, car trips will account for 1.7% 
of the total mix. The impact of connecting these two touristic cities will potentially generate more induced trips than 
what has been estimated in this study. These conservative estimates could be updated in the future if the total 
ridership exceeds predicted numbers. 


23 Source: TransPod’s Trip diversion model built from historical data 
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Corridor-wide demand 

Following the introduction of new transport infrastructure and services, there is typically a delay in achieving the 
forecast demand levels, as travellers adapt to the availability of a new transport facility. This is referred to as the 
ramp-up period. Ramp-ups are widely used in high-speed rail studies and provide a more conservative view on the 
demand for new modes of transport. For example, the latest study conducted for Australia’s High-Speed Rail project 
took a ramp-up period of 5 years with 40% of the demand at year 1,55% at year 2, 75% at year 3, 90% at year 4, 
and 100% at year 5. 24 Similarly to the Australian proposed Australian High-Speed Rail, the corridor in which the 
hyperloop will be implemented does not have existing high-speed transportation services. Consequently, the ramp- 
up is expected to take a longer period, contrarily to dense corridors such as the ones in Europe or Japan. The 
following figure provides an overview of the ramp-up used in the analysis: 

Figure 27: Hyperloop ramp-up 


Year 12 3 4 5 


Ramp-up 30% 50% 70% 90% 100% 

The following figure provides an overview of the total demand in the corridor captured by the hyperloop system. 
The forecast starts at year 6, right after the construction period, where the demand will gradually increase according 
to the previously presented ramp-up. Overall, the hyperloop system is expected capture a demand of up to 36 M 
trips at year 30. 25 


Figure 28: Total corridor ridership after hyperloop 
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24 High Speed Rail Study Phase 2 Report: AECOM, Grimshaw, KPMG, SKM, ACIL Tasman, Booz&co., Hyder 

25 Source: Demand model 
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4.2.3 Financial Analysis 

The first step to determine the feasibility of implementing a TransPod system in Thailand is to conduct a financial 
analysis. This exercise will provide more clarity on the benefits of building this infrastructure for an individual investor 
in financial terms. 

The financial net present value on investment is defined as the resulting sum of when the expected investment and 
operating costs of the project (discounted) are deducted from the discounted value of the expected revenues: 


n 



where: S t is the balance of cash flow at time t,a t is the financial discount factor chosen for discounting at time t 
and i is the financial discount rate. 

The financial rate of return on investment (FRR) is defined as the discount rate that produces a zero FNPV, i.e. 
FRR is given by the solution of the following equation: 


y_*_ 

Zj (1 +FRRy 


The FRR is generally used to understand whether the project needs financial support from public institutions. If the 
operator can sustain itself, then the project is not required to be subsidized. In many transportation projects, the 
FRR and FNPV are often negative due to the preferential tariffs charged to customers. The goal of these projects 
is generally to provide an economic stimulus from increased mobility rather than seeking financial profitability. 

In this project, the financial analysis will regroup cash flows from: 1) Investment costs, 2) Operating costs, 3) 
Revenues, and 4) Residual value. It is assumed that the project will be fully financed by the public sector, hence no 
interests are taken into account in the model. 

4.2.3.1 Investment Costs 

Investment costs are split between several cost elements, mostly focused at the beginning of the project and 
extending through the project life cycle. 

Infrastructure costs: Infrastructure costs are determined based on the initial infrastructure estimates published by 
TransPod 26 and adapted to the typical cost of building infrastructure in Thailand. 90% of the total corridor route will 
be elevated in order to allow space for farmlands and navigate through complex geological landscape. 
Approximately 10% of the total length will be using tunnels to pass through mountains, specifically around the 
Chiang Mai area and Phuket. While substantially more expensive than elevated construction, tunneling makes the 
line shorter which allows for reduced complexity and a straighter alignment, which ensures higher speeds. 27 

Rolling stock replacement and purchase: In order to move people in the corridor, the operator will need to 
purchase pods from a rolling-stock manufacturer. These pods will need to be maintained on a yearly basis and 
replaced in case of failures. These costs are included in this analysis and follow the demand ramp-up previously 
presented. 


26 See: https://transpod.com/wp-content/uploads/2017/07/TransPod-infrastructure EN Julv-17-update2.pdf 

27 Source: Adjusted estimates from cost study. Estimates were made on certain cost categories to reflect the lower sourcing costs in Thailand. 
According to ARCADIS, building infrastructures in Thailand is usually 50% to 63% cheaper than building the same in the United States. The 
construction handbooks used are available at the following link: https://www.arcadis.com/en/asia/our-persoectives/research-and- 
publications/arcadis-construction-cost-handbook/ 

These estimates were used to determine more realistic infrastructure costs for the TransPod infrastructure. Overall, the cost per km for a double 
track tube infrastructure is marginally higher than the one of High-Speed Rail for the corridor. 
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Residual value of assets: As the project duration is 30 years, it is necessary to estimate a residual value for the 
assets owned by the operator, as the project date will not exceed its lifetime. For this sake, it has been assumed 
that the infrastructure and the pods will last 50 years of useful life. Using this useful life, the total residual value for 
the full corridor is expected to reach $13 B., $5.4 B. for a Bangkok / Chiang Mai only line, and $7.6 B. for a Bangkok 
/ Phuket line. 


Figure 29: Total infrastructure costs 


PBS and 

Description 

Total elevated costs 
(M. of USD) 

Total underground 
costs (M. of USD) 

Total costs (M. of 
USD) 

2 A-01 Pier Type A (38U / Km) 

2,741 

0 

2,741 

2 A-02 Galvanized Metal Ladder 


239 

27 

2 A-03 Galvanized Catwalk 

1,224 

136 

1,360 

2 A-04 Tube - Diameter 4m; 1000m 


10,072 

1,119 

2 A-06 Emergency Exits (2U / 1km) 

1,369 

152 

1,521 

2 A-07 Service Road 


1,511 

0 

2 A-08 Power Substations (1U / 5km) 


357 

40 

2 A-09 Service Compound (4U / 1km) 

1,262 

140 

1,402 

2 A-10 Indirect Costs (labour) 

1,044 

1,160 

2,203 

Contingency costs 

2,086 

174 

2,260 

Total cost (M USD) 

21,904 

2,947 

24,851 
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4.2.3.2 Operating Costs 

Operating costs are usually very important for any transportation systems due to the high level of complexity of 
operating large high-speed networks. Consequently, operating costs also make up a large portion of the total costs 
of the hyperloop system. 

Variable costs have been forecasted given the total energy consumption required, the routine maintenance per pod, 
and labour required for maintenance (both contracted and full time). Fixed costs are divided between operations 
(control center, transportation administration), equipment maintenance (routine maintenance for materials, major 
maintenance, cleaning, and maintenance administration), infrastructure maintenance (purchased services, 
materials, maintenance administration), and other costs such as general wages and benefits, executive 
administration, insurance claims, property taxes, and usage fees. 

It has been assumed that the system will run 16 hours per day and 365 days per year. The 8h closure will be 
primarily used for infrastructure maintenance in order to ensure smooth operations. These costs were forecasted 
given TransPod’s internal estimates and previous high-speed rail studies. It is important to note however that these 
costs might change in the future as the technology evolves. The following figure provides an overview of the total 
operating costs from start to the end of the project. 28 

Figure 30: Forecasted fixed and variable costs for the corridor in M of USD 
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28 Source: The costs were determined using TransPod’s basic cost benchmark. This benchmark was determined by using existing material 
and FIR costs for Thailand. The costs forecasted in this study follow a similar structure as the ones for Fligh-Speed Rail lines around the world. 
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4.2.3.3 Revenues 


The following figure provides an overview of the tariffs charged for riding the hyperloop in the corridor. Following 
these estimates, it is possible to calculate the total revenues that the operator will generate every year. These 
revenues are illustrated in the following table for years 10, 20, and 30. 29 

Figure 31: Total corridor revenues 


Years 


Revenues 

Avg Fare 
(USD) 

2034 

2044 

2054 

Bangkok - Chiang Mai 

32.0 

425.1 

692.8 

1,052.7 

Bangkok - Phuket 

45.0 

583.2 

948.8 

1,439.6 

Phuket - Chiang Mai 

78.0 

32.8 

43.5 

53.9 

Total 


1,041.1 

1,685.1 

2,546.1 


The main limiting factor for revenue growth in the corridor is twofold: 

Population growth: According to the world bank, the population of Thailand is set to peak at around 69 M people 
around 2025, mainly due to an aging population. Contrarily to other neighbouring countries, the population will 
gradually decrease and provide a much more limited ridership pool. However, tourism in Thailand is set to increase 
by double digits every year, consequently offsetting the lack of domestic ridership. 

Willingness to pay: Contrarily to the WTP of European countries, the WTP in Thailand is much lower. This is 
mainly due to the lower time-sensitivity of the population, which is used to long travel times. However, the main 
factor playing in the lower WTP is the existing very high competition for travel, mainly driven by low air fares. Due 
to the existing low fares, it is difficult for hyperloop operators to divert a large number of people, as price elasticity 
of demand is rather elastic, meaning that high hyperloop fares would dissuade a large number of people from taking 
this new transportation system. 

When adding up the costs previously calculated, it is estimated that the operator will make EBITDA margins ranging 
from 53% to 60% on average, which will allow to repay the infrastructure costs. 30 


Figure 32: Operator margins 


Margins 

2034 

2044 

2054 

EBITDA Margin 

28% 

40% 

48% 

EBIT Margin 

-21% 

9% 

27% 

Operating Ratio 

72% 

60% 

52% 


These margins are relatively high, mainly due to the lower labour costs in Thailand and the high expected diversion 
coming from airlines and cars. 


29 Source: Financial Model using fares previously determined 
"Source: Financial Model using revenues and costs previously calculated 
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4.2.3.4 Summary of the financial analysis 
Chiang-Mai / Bangkok corridor 

In the case of a Bangkok / Chiang Mai line, the analysis returned that the financial benefits could be limited. Despite 
a forecasted increase in tourism trips and a general increase of the willingness to pay of customers in the country, 
fares will not allow the operator to earn a significant rate of return. While the revenues generated by the fares will 
allow the operator to break even on its operating costs, the infrastructure cost recovery will take more than 25 years 
to be fully recovered. It has been identified that a minimum of 20,000 trips per day will be required for the operator 
to break-even on the Bangkok / Chiang Mai line. The following figure provides an overview of the total returns 
benefits for this corridor: 31 


Figure 33: Summary of the financial analysis for Chiang Mai / Bangkok 


2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2039 2044 2049 2054 2060 


Construction 


Operation 


Calculation of the Return on National Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


NPV 3% 

NPV 5% 

NPV 7% 

NPV 12% 

-10.8 

-10.3 

-9.9 

-9.1 

-0.6 

-0.5 

-0.4 

-0.3 

-7.4 

-5.1 

-3.6 

-1.8 





11.7 

7.8 

5.4 

2.4 

1.5 

0.8 

0.4 

0.1 

-5.6 

-7.4 

-8.2 

-8.7 


-1.67 

-2.23 

-3.34 

-2.79 

-1.11 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.02 

-0.02 

-0.02 

-0.02 

-0.04 

-0.04 

-0.04 

-0.04 

-0.05 

-0.05 

-0.05 

-0.05 

-0.07 

-0.01 

-0.02 

-0.03 

-0.01 

-0.01 







-0.19 

-0.22 

-0.26 

-0.30 

-0.33 

-0.38 

-0.44 

-0.50 

-0.56 

-0.65 





















0.10 

0.18 

0.27 

0.36 

0.43 

0.54 

0.69 

0.88 

1.05 

1.30 















4.24 

-1.7 

-2.3 

-3.4 

-2.8 

-1.2 

-0.1 

-0.1 

-0.1 

0.0 

0.1 

0.1 

0.2 

0.4 

0.5 

4.9 


|FRR | | 0.27% | 


Bangkok / Phuket corridor 


The southbound corridor provides a similar rate of return than then Bangkok / Chiang Mai line. While the line will 
be able to divert a significant share of its ridership from air, it is expected that the fares set-up in the previous part 
will only allow to recover infrastructure costs in a 25 years time frame. Additional return on investment can be earned 
by increasing the fares and only targeting tourism and business trips. However, the fare structure previously 
established was determined to maximize economic benefits. The following figure provides an overview of the 
financial return for the Bangkok / Phuket corridor: 32 

Figure 34: Summary of the financial analysis for Bangkok / Phuket 


FRR(K) 


2025 2026 2027 2028 2029 2030 [ 2031 2032 2033 2034 2039 2044 2049 2054 | 2060 


Construction 


Operation 


Calculation of the Return on National Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


NPV 3% 

NPV 5% 

NPV 7% 

NPV 12% 

-13.3 

-12.7 

-12.2 

-11.2 

-0.7 

-0.6 

-0.5 

-0.4 

-9.3 

-6.4 

-4.5 

-2.2 





16.1 

10.7 

7.4 

3.3 

1.9 

0.9 

0.5 

0.1 

-5.3 

-8.0 

-9.3 

-10.3 


-2.06 

-2.74 

-4.11 

-3.43 

-1.37 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.02 

-0.02 

-0.02 

-0.02 

-0.03 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.06 

-0.05 

-0.01 

-0.02 

-0.02 

-0.02 

-0.01 







-0.23 

-0.27 

-0.32 

-0.37 

-0.40 

-0.47 

-0.54 

-0.64 

-0.72 

-0.83 





















0.14 

0.25 

0.37 

0.50 

0.58 

0.75 

0.95 

1.21 

1.44 

1.78 















5.21 

-2.1 

-2.8 

-4.2 

-3.5 

-1.4 

-0.2 

-0.1 

0.0 

0.1 

0.2 

0.2 

0.4 

0.5 

0.7 

6.1 


|FRR | | 0.97% | 


31 Source: Financial Model, the full projections are displayed in the appendix section 

32 Source: Financial Model, the full projections are displayed in the appendix section 


©2019 TransPod Inc. All Rights Reserved 


Page|50 




































































































































Chiang-Mai / Bangkok / Phuket corridor 


Overall, the hyperloop system seems to be financially acceptable under the condition of a very low financial rate of 
return. Given the high ridership of the line, revenues will be sufficient to cover operating costs and partially recover 
the initial investment. The following figure shows that the key driver for the infrastructure is the infrastructure cost 
incurred by the operator at the beginning of the project. 

Figure 35: Summary of financial cash flows 
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Overall, the Financial Rate of Return (FRR) for the project is -0.1%, over 35 years of operations, including 5 years 
of construction. The NPV is negative for all three discount rates, but certain conditions below lead to a positive NPV. 
The financial performance is mainly explained by the high infrastructure costs, compared to the lower willingness 
to pay of travelers due to existing low prices for intercity travel. The following figure shows a summary of the financial 
analysis. 



Figure 36: Summary of the financial analysis 



2025 | 2026 2027 | 2028 2029 

2030 | 2031 | 2032 2033 2034 2039 2044 2049 2054 | 2060 

Construction 

Operation 


To better understand the financial performance, it is necessary to undertake a sensitivity analysis. The spider charts 
illustrated in Figures X, Y, and Z show the evolution of the FNPV with an increase and decrease in variables. For 
example, decreasing infrastructure costs by 60% would ensure a positive NPV for the system with a 5% discount 
rate. 
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Figure 37: Financial sensitivity analysis with 3% discount rate 
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Figure 38: Financial sensitivity analysis with 5% discount rate 
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Figure 39: Financial sensitivity analysis with 7% discount rate 
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4.2.3.5 Discussion on the sensitivity 


From the previous sensitivity analysis, it is clear that the main driver from limited financial performance is the initial 
investment cost. In the case of a low expected discount rate from investors, an increase of 40% in willingness to 
pay from the main customers could allow the project to recover the investment costs in 25 years. This increase 
could be achievable in the event of a growing tourism industry in the country and a more inelastic price elasticity of 
demand. 

Most high-speed rail systems struggle to break even mainly due to the high price sensitivity of the demand. 
However, in the case of hyperloop, the major travel time savings in addition to the improved comfort and unique 
technology could attract an important number of people. Consequently, the financial performance of the system 
could be much better than what has been forecasted in this study. However, there is still much uncertainty about 
the final financial performance due to the large number of assumptions required to make such estimations. 
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4.2.4 Economic Analysis 

The financial analysis provided a base of assessment to determine the profitability of the system. The following part 
will assess the economic performance of the hyperloop system by conducted a welfare-based Cost-Benefit 
Analysis, which will assess the potential societal benefit for Thailand. This analysis will add the following categories 
to the financial analysis: Travel Time Savings, Environmental Benefits, Safety Benefits, and Operating Costs 
Savings. 

4.2.4.1 Travel Time Savings 


Chapter 3.2.1 introduced several assumptions regarding the Willingness to Pay of travelers inside the corridor and 
their associated value of time. Consequently, this part will evaluate the total travel time savings provided by the 
hyperloop system compared to other modes of transport. 

The first step in estimating the total travel time savings is to determine existing travel times for each modes of 
transport. The travel time savings will not only be derived from the time gain during the trip but also during the first 
and last miles. For instance, it takes approximately 1h to drive from downtown Bangkok to Don Muang Airport and 
30 Min to reach Chiang Mai’s downtown from the airport. Taking the hyperloop system will therefore generate 
additional time savings of 1h30 in addition to the travel time, as the system directly connects to the city centre. The 
following table illustrates the travel time savings for each corridor with the hyperloop technology. Each estimate 
includes both first and last miles* times such as taxi time or waiting time at the airport. Hyperloop estimates take 
into account waiting time at stations and airlock* times. 33 


Figure 40: Travel time savings per one-way trip across modes of transport (time gain rounded) 


Corridor 


Transport mode 


Average existing 
travel time (including 
access and wait time) 


Average travel time 
with hyperloop 
(including access and 
wait time) 


Time gain (min) 


Bangkok - Chiang Mai 


Car 

Bus 

Rail 

Air 


9h09 


7h27 

11 h32 

1 hi 2 

10h20 

14h11 

12h59 

5h45 


4h33 



Bangkok - Phuket 


Car 

Bus 

Rail 

Air 


11 h25 


10hl 1 

14h20 

1 hi 3 

13h06 

N/A 

N/A 

5h45 


4h31 



Phuket - Chiang Mai 


Car 

Bus 

Rail 

Air 


20h06 


18h 18 

25h00 

1 h47 

23h12 

N/A 

N/A 

6h40 


4h52 


Once travel time savings are known, it is possible to match it with the total number of trips done per year in the 
corridor to obtain the total travel time savings per year per mode of transport. In the case of hyperloop, travel time 
savings are very important and are the most important impact category to be included in Cost-Benefit Analyses. 
Calculating the total travel time savings yielded the following results. 34 


33 Source: Previous travel time estimates, own estimates based on internal engineering calculations 

34 Source: Cost-Benefit Analysis 
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Figure 41: Million of hours saved per year 


Years 


Travel time savings 

2034 

2044 

2054 

Bangkok - Chiang Mai 

71.2 

93.6 

123.1 

Bangkok - Phuket 

82.0 

107.7 

141.3 

Phuket - Chiang Mai 

2.3 

3.0 

4.0 

Total 

155.4 

204.3 

268.3 


Once travel time savings are calculated, it is necessary to attach a monetary value to the hours saved to determine 
the welfare gain for society. The Japanese study provided data on the value of time savings in Thailand, however 
these values are extremely low compared to other studies. Therefore, it will be necessary to conduct a sensitivity 
analysis on the value of time savings to determine alternative economic impacts. 

4.2.4.2 Productivity savings 

Productivity benefits refer to the idea that travelers are capable of being productive on the new hyperloop line, 
whereas they were incapable of the productivity while driving, and less likely to be productive when on an aircraft. 
For example, an automobile traveler who diverts his or her 8.3-hour trip to a hyperloop trip is now capable of using 
his or her laptop and continuing being productive on the pod. While driving, conducting work would be nearly 
impossible; and completing work would be less likely on the plane. Thus, these productivity benefits are from in¬ 
transit productivity. 

It is assumed that zero percent of automobile travelers are productive in-transit; 33 percent of airline travelers are 
productive in-transit; and 50 percent of hyperloop travelers are productive in transit. Because the number of 
transfers from other modes onto hyperloop is estimated from travel demand models, as well as total in-transit travel 
times, it is possible to calculate the differential in productivity time of those travelers in a world where they do not 
have HSR versus a world where they do. These additional hours of traveler productivity from those users 
transferring to HSR service can be monetized using values of time discussed above. 
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4.2.4.3 Environmental Benefits 


Regulatory Framework and Energy Legislations 

With the political, economical and environmental turbulence in the world, energy security remains an important 
issue for all countries. According to the International Renewable Energy Agency (IRENA), more than half of 
Thailand’s energy supply relies on imported energy, and energy demand is expected to increase by 80% in the next 
two decades. 35 

The International Energy Agency (IEA) said in November 2018 that under current policies, the world can expect to 
see increasing strains on almost all aspects of energy security and a major additional rise in energy-related carbon 
emissions. 36 

Thailand has a number of both government and government-owned institutions that play key roles in the 
management and development of the country’s power sector. Policy goals set by the national government are 
developed by the Ministry of Energy (MoEN), and implemented and enforced by the Energy Regulatory Commission 
(ERC). The Electricity Generating Authority of Thailand (EGAT) is responsible for power system operations and 
planning for both generation and transmission, while the Metropolitan Electricity Authority (MEA) and the Provincial 
Electricity Authority (PEA) are responsible for the distribution and retail markets in the Bangkok metropolitan area 
and the rest of Thailand, respectively. 

Thailand’s power sector planning is part of the Thailand Integrated Energy Blueprint (TIEB) 2015-36, which includes 
the Power Development Plan (PDP), Alternative Energy Development Plan (AEDP), Energy Efficiency Plan (EEP), 
and oil and gas plans. The plans are set in accordance with the National Economic and Social Development Plan 
(NESDP). 

Development of Thailand’s power sector is managed through a set of plans that collectively cover all aspects of the 
electricity system. The most significant is the Power Development Plan, most recently updated in 2015 (PDP2015), 
which sets out a specific 21-year schedule for transmission and generation investments. Other relevant plans 
include the Alternative Energy Development Plan (which focuses on renewable resources), the Energy Efficiency 
Plan (which sets specific energy-intensity reduction targets), the Gas Plan (which focuses on the development of 
both domestic and imported natural gas resources) and the Oil Plan (which focuses on managing both petroleum 
consumption and provision). While these plans have historically been developed independently, Thailand has 
recently taken the important step of combining them into what it calls the Energy Master Plan. Under the Master 
Plan, individual plans are developed in parallel, allowing policy makers and system planners to better ensure that 
the plans collectively work toward meeting general policy goals, sustainability and overall energy security. 

Thailand’s energy policy is driven by the three pillars of security, affordability and environmental sustainability. 
Concerns over fuel diversity underlie all three of these pillars and thus are a major driver of Thailand’s current long¬ 
term outlook of power sector development. 37 


35 Source: https://www.irena.ora/publications/2017/Nov/Renewable-Enerav-Qutlook-Thailand 

36 Source: https://www.areentechmedia.eom/articles/read/iea-latest-world-enerav-outlook-tossil-fuels-renewables#as.MfkWnZVg 

37 Source: https://www.eneravcommunitv.org/documents/TEO2016ENG.pdf 
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Figure 42: Summary of TIEB’s Assumptions 



Objective 

Policy 

Assumption 

Energy 

Efficiency Plan 
(EEP) 

To decrease energy 
intensity to 30% of 
final energy 
consumption 
compared to 2010 by 
2036 

- More strict policies and law enforcement 

- Incentive schemes including pricing 
mechanism, tax, and investment promotion 

- Transportation development policy 
improvement 

Energy intensity decrease by sectors: 

- Transport by 58% (including rail 
systems) 

- Industry by 29% 

- Public and Private real estate by 8% 

- Residential by 4% 

Alternative 
Energy 
Development 
Plan (AEDP) 

To increase alternative 

energy usage 
allocation to 20% by 
2036 

- Area-based management in order to achieve 
the most efficiency such as energy crop zoning 
and waste management 

- Focus more on local production and 
consumption such as net-metering 

To improve renewable energy 

- Renewable energy for electricity 
generation 

- Renewable energy for heat 



- Focus on integration and engagement of 
stakeholders 

- Biofuel 

Power 

Development 
Plan (PDP) 

To improve electricity 
generation capacity to 
be sufficient with 
future consumption by 
taking cost, 
environmental impact 
and stability into 
account 

- Consider the impacts from Energy Efficiency 

Plan, Alternative Energy Development Plan, and 
natural gas reserve in order to increase electricity 
generation capacity in the future 

- Allocate sources and types of energy by 
reducing the reliance on natural gas, while 
increasing renewable energy, clean coal and 
energy import from neighbouring countries 

- Include Energy Efficiency Plan’s result in 
electricity demand forecast 

- Under a condition of electricity reserve 
being not less than 15% 

- Capacity is accordingly with Power 
Development Plan 2015 (electricity from 
natural gas 37%, coal 23%, renewable 
and hydropower 20%, energy import 15%, 
nuclear power 5% in 2036) 

Gas Plan 

Natural gas usage 
management and 
provision to be 
sufficient with future 

demand 

- Reduce natural gas for electricity generation 
and improve on energy saving policy for 
industrial sector 

- Manage concessions that are about to expire - 
Improve current sources and explore new ones 
both domestically and internationally 

- Develop LNG terminal to meet future demand 

- Include the impacts of Energy Efficiency 
Plan and natural gas reliance reduction in 
the Power Development Plan in order to 
limit the declining rate of domestic natural 
gas production to 2-5% annually 
(compared to former 11% annually) 

- Natural gas reserve at 2P (P1+P2) level 

- Natural gas import through pipes is 
accordingly with plan 




- Import LNG in case of insufficient natural 
gas 

Oil Plan 

Manage both 
petroleum 
consumption and 
provision to be at the 
optimal level, and 
hedge the external 
risks at the same time 

- Petroleum type management and LPG and 

NGV pricing restructure 

- Improve oil quality standard 

- Develop oil pipeline transport 

- Consider strategic plan for oil reserve 

- The consumption allocation for biofuel 
and renewable energy increase 
accordingly with Alternative Energy 
Development Plan while the consumption 
of LPG and NGV decreases 

- No growth of oil refinery capacity within 
the plan’s period (before 2036) 
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Thailand Energy Demand and Forecast 

Thailand experienced rapid growth in the 1990s which stopped abruptly with the Asian financial crisis in 1997/1998. 
Moderate but robust growth levels of approximately 5% per year from 2002 to 2007 returned after recovering from 
this economic shock. This was followed by the negative impact of the global financial crisis of 2008/09, local floods 
in 2011, and the impact of political tensions and uncertainty in 2010 and again in 2013-2015 (World Bank, 2015). 38 

In 2011 Thailand became an upper-middle income country, an achievement that is reflected in the fact that it 
reduced poverty rates from 67% in 1986 to 11% in 2014 (World Bank, 2015). Thailand’s economic success story 
has resulted in a steady and steep increase in its energy consumption and, as a consequence, a rising dependency 
on imported fuels and associated exposure to international commodity prices. As an example, average gross 
domestic product (GDP) growth of 3.6% per year between 2005 and 2010 translated into an increase in primary 
energy demand of 4.1% per year (ADB, 2015). Thailand’s electricity demand increases and decreases in response 
to the country’s economic circumstances. For example, in 2010 Thailand’s economy grew by 7.8% and peak 
electricity demand grew by 9.11%. During the 2008 and 2011 economic downturns, however, peak demand 
declined by 0.25% and 0.42%, respectively (EGAT, 2015). 39 

Thailand's rapid economic expansion over the past two decades has created the need for generation capacity to 
increase with higher electricity demand. Growth in overall power consumption has averaged approximately 5% a 
year over the past decade, with peak load growing by nearly 50% over the same period. This energy demand growth 
is expected to continue over the next two decades, doubling over the period from 2015-2036. Under a business- 
as-usual scenario, TFC is expected to reach 151 Mtoe, an annual average growth rate of 3.9%, under the 
assumption that GDP will grow at an annual average rate of 4.2% (EPPO, 2013). GDP growth is forecast to average 
3.6% per year between 2016 and 2020 (OECD, 2015). Power demand is expected to continue to grow at an average 
annual rate of 2.7%, slower than expected TFC growth, due to expected improvements in energy efficiency. At this 
rate of growth, peak demand in 2020 would be approximately 34 808 MW, and in 2030 would be 44 424 MW. The 
load forecast is developed by the Load Forecast Committee, which is chaired by the Permanent Secretary of Energy 
and includes participants from the Energy Policy and Planning Office (EPPO), the Department of Alternative Energy 
Development and Efficiency (DEDE), the National Economic and Social Development Board, the Thailand 
Development Research Institute, the Electricity Generating Authority of Thailand (EGAT), the Metropolitan Energy 
Authority (MEA), the Provincial Energy Authority (PEA), the Association of Private Power Producers, the Federation 
of Thai Industries, and the Board of Trade of Thailand. 

Diversifying the Power Sector 

Natural gas-fired generation makes up two-thirds of the Thai generating fleet. Thailand’s natural gas resources, 
however, are set to begin depleting rapidly, and the country is heavily dependent on natural gas imports from 
Myanmar. In addition to strengthening its gas supply infrastructure through the continued development of gas 
pipeline networks and LNG import terminals, Thailand is seeking to diversify its power sector over the next two 
decades. This diversification is expected to come mainly from two sources: an increase in coal generation and coal 
imports, and an increase in both domestic and imported renewables. 

Thailand’s focus on ensuring long-term electricity security is reflected primarily in its efforts to increase the diversity 
of its power system. Thailand plans to increase diversity by growing the share of coal and renewables in the 
generation mix. It also intends to increase the amount of hydropower imported from neighbouring countries, 
although the total share of all electricity imports will be capped at 15% from 2020 onward. Although increasing the 
share of coal will increase the level of carbon emissions, the relatively larger increase in renewables means that 
the overall carbon intensity of the power system will decline over the timeline of the plan, relative to business as 
usual. The Alternative Energy Development Plan (AEDP2015) sets out a target for renewables deployment that is 


38 Source: https://www.iea.org/publications/freepublications/publication/Partner Country Series Thailand Electricity Security 2016 .pdf 

39 Source: https://www.iea.ora/publications/freepublications/publication/Partner Country Series Thailand Electricity Security 2016 .pdf 
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among the most ambitious in Southeast Asia. Solar photovoltaics (PV) make up the largest portion of planned 
renewable generation (6 000 MW), followed closely by biomass (5 570 MW), and then onshore wind (3 000 MW). 
This would more than triple, in absolute terms, the amount of renewable capacity by 2036. 

Renewable Energy in Thailand 

The Thailand Integrated Energy Blueprint (TIEB) proposed by the Ministry of Energy and the Electricity Generating 
Authority of Thailand guides the Thai renewable energy development. 

The plan puts a huge emphasis on promoting the country’s energy security be mitigating its dependence on fossil 
fuels. This move is in accordance with another major line proposed in the plan namely to promote ASEAN regional 
integration in an attempt to fight climate change. Finally, the plan also puts it a priority to protect its people by 
impacting the cost of living as little as possible. 

Thailand also utilizes a feed-in-tariff (FiT) system and offers various tax and non-tax incentives to promote the 
adoption of renewable energy. The Board of Investment Thailand (BOI) offers these incentives for various 
renewable energy projects including Biomass, Biogas, Municipal Solid Waste, Biofuels, Solar Energy, Wind Power, 
Flydropower. Such measures have helped solar photovoltaic (PV) capacity in Thailand more than triple since 2013, 
to 2.8 GW in 2016. 40 Energy-efficient and low-carbon technologies offer a way to pursue multiple objectives of 
energy security, affordability and environmental goals. The rapidly declining cost of wind and solar PV provides an 
opportunity to help meet growing electricity demand in a cost-effective and sustainable manner, while also helping 
spur local manufacturing industries. 

Renewable energy, not counting hydro electricity, is only the third largest energy source with approximately 3.1 GW 
capacity. The vast majority of the renewable energy originates from biomass and solar energy, jointly accounting 
for 80% of the renewable energy mix. According to the analysis of Energy Regulatory Commission the installed 
solar power amounted to 2,753 MW of which 2,623 MW were solar farms and 130 MW were rooftop installations. 
The total cumulative installed capacity of biomass energy stood at 2,727 MW in February 2016. The capacity that 
was grid-connected amounted to 1,538 MW but only 886 MW were selling power under a PPA. 

On top of the country’s existing energy mix, Thailand imports a considerable amount of energy to meet the energy 
demand. These imports mainly take the form of purchasing electricity from Independent Power Producers (IPP) 
specifically contracted for electricity import. The imported energy is mainly sourced from hydro and coal plants and 
is expected to grow from 42% (2013) to 78% (2040). 

Increasing Thailand’s generation diversity and, in particular, the share of variable renewable power, will require 
investment in, and a reshaping of, the Thai electricity grid. The majority of the Thai grid is located in the central and 
northern regions of the country, where most of the generation and load are also concentrated. At present, 13% of 
Thailand’s grid is composed of 500 kilovolt (kV) high-voltage lines, and EGAT plans to extend this network to cover 
the entire geographical territory of the country by 2019. 41 This high-voltage grid is an important step towards both 
realising Thailand’s renewables potential and supporting development of generation more broadly. Grid 
development is a major enabler of renewable technologies, which are less flexible in where they can be deployed 
as compared to conventional generation. Thailand’s regulatory framework has historically supported EGAT's 
network development activities, and that support is likely to continue for the plan laid out under PDP2015. As both 
the developer and operator of the transmission system, EGAT must balance electricity security goals with economic 
and environmental goals. Final approval for transmission projects lies with the Ministry of Finance. Thailand’s 
electricity security is aided by the significant flexibility of its generating fleet. Continuing to invest in the grid would 
also improve overall system flexibility, increasing the potential for renewables deployment. Thailand’s long-term 


40 https://sun-connect-news.org/fileadmin/DATEIEN/Dateien/New/Solar Facts Figures - Southeast Asia 2018.pdf 

41 https://www.iea.org/publications/freepublications/publication/Partner Country Series Thailand Electricity Security 2016 .pdf 
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plans are well aligned with electricity security goals from a resource adequacy perspective, but a greater focus on 
how best to develop the Thai grid would also help to improve system security. 

Solar Photovoltaic Power 

Thailand has an abundant solar power source from solar heat gain. Solar is one of clean natural energy sources 
that can be transformed into heat and electricity. Thailand has several areas with great solar power potential 
including southern and northern parts of the Northeastern region at Udonthani province and certain area in the 
Central region. The combined solar potential area accounts for around 14.3% of the country’s overall area, gaining 
average daily solar exposure at around 19-20 MJ/m2-day, while the other 50% the country gains around 18-19 
MJ/m 2-day. 

The received solar radiations include both direct and diffuse radiations. The direct radiation can generate greater 
electricity or heat than diffuse radiation. Peak density of direct radiation in Thailand is approximately 1,350 - 1,400 
kWh/m2-yr, covering 4.3% of the country’s area in Central region and southern part of Northeastern region while 
19.5% of the country’s area has approximately 1,200 - 1,300 kWh/m2-yr. Density of direct radiation in Thailand 
usually escalates from January and reaches the peak in April before descending to the bottom in December. 

TransPod’s Energy Requirements and Solar Power Contributions 

By splitting into a hybrid circuit design, the system can be made extremely compact, power efficient, and able to be 
embedded on vehicle fuselages and civil-engineering structures. It is designed to be capable of self-sufficient 
operation on battery power or solar power, based on low power efficient computation. 42 

The tube infrastructure for the Chiang Mai - Bangkok - Phuket corridor is estimated to be 1325km in length and 
4m in width. With the standard commercial solar panel size of 77 inches by 39 inches, it is possible to install up to 
2,735,603 solar panels along the tube infrastructure. If each panel provides 300 watts of energy, in 5 hours of 
sunshine we can expect approximately 4,103,404 kWh of energy produced each day. To allow for natural system 
losses, multiplying this by a factor of 0.85 provides 3,487,893 kWh of energy produced daily. With 3,487,893 kWh 
produced in a day, and an energy requirement of 1,987.5 kWh per trip along the Chiang Mai - Bangkok - Phuket 
corridor, 1754 trips can be sustained each day. As solar technology is becoming increasingly more efficient, it is 
expected that this factor will increase to eventually self-sustain larger passenger volumes. 


42 Source: https://www.sciencedirect.com/science/article/pii/S187770581733583X 
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Usually undervalued in many Cost-Benefit Analyses, environmental benefits are one of the most important 
externalities to take into account when assessing the social benefits of new sustainable transportation systems. As 
the proposed hyperloop system will be entirely electric and equipped with a large array of solar panels on top of the 
infrastructure, it is expected that the implementation of such system will have an important impact on the C02 
emissions of the corridor. In order to calculate the C02 emissions reductions, the first step is to calculate the total 
passenger/km diverted from other modes of transport. The following figure provides an overview of the total 
diversion for the years 10, 20 and 30. 43 

Figure 43: Emissions diversion assumptions 


B. of Passenger/km diverted (total) 


Transport Mode 

2034 

2044 

2054 

T of C02 emissions /1000s of 
Pax km 

Car 

6.63 

8.71 

10.68 

0.0580 

Bus 

0.60 

0.79 

0.97 

0.0180 

Rail 

0.20 

0.26 

0.32 

0.0360 

Air 

7.42 

9.76 

11.98 

0.1120 

Total 

14.84 

19.52 

23.94 



Tonnes of C02 emissions per passenger km were taken from the Australian High-Speed Rail study to ensure 
consistency and triangulation of results. The emissions factor for air travel was doubled in order to take into account 
radiative forcing on the atmosphere. Radiative forcing is the result of a perturbation of the troposphere by aircraft 
gases, which generates a greenhouse effect on the atmosphere. It is important to consider this impact when 
assessing environmental impact. 

Given the solar capacity of the infrastructure, the net energy output of the hyperloop system is positive and covers 
its electrical consumption. Therefore, the only C02 emissions generated by the system occur during the 
construction period. Matching these values with the average C02 emissions per mode of transport unveils a 
significant impact on the C02 emissions of the corridor, as shown in the following table. 44 


Figure 44: Emissions reduction per year (Tonnes of C02) 


C02 Emissions 

2034 

2044 

2054 

Bangkok - Chiang Mai 

541,093 

712,093 

873,894 

Bangkok - Phuket 

631,355 

829,403 

1,016,314 

Phuket - Chiang Mai 

60,576 

80,449 

99,492 

Total 

1,233,025 

1,621,946 

1,989,700 


It is estimated that over 35 years, the hyperloop system will directly remove more than 40 M. tonnes of C02 from 
the corridor. This figure is similar to the 55 M. tonnes of C02 avoided by the planned high-speed rail in Australia 45 . 
The next steps consist of attaching a monetary value to the C02 emissions. The value of a tonne of C02 has been 
set to $60, similarly to what is taken into account in most feasibility studies for rail projects. While some studies 
price carbon emissions at a lower dollar value, we chose to reflect the increasing impact it could have on climate 
change. The total welfare value of reducing carbon emissions in the corridor ranges from $100 M. to $250 M per 
year. 


43 Source: Passenger diversion model 

44 Source: Cost-Benefit Analysis 

45 High Speed Rail Study Phase 2 Report: AECOM, Grimshaw, KPMG, SKM, ACIL Tasman, Booz&co., Hyder 
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4.2.4.4 Fuel savings 


As hyperloop will divert a significant amount of road, air, and bus traffic across the whole corridor, the decreasing 
number of trips made by motor vehicles will decrease the demand for traditional fuel such as gasoline, diesel, and 
kerosene. This decrease should also be accounted in the Cost-Benefit Analysis, as motor vehicle trips are not 
happening in the hyperloop scenario. 

In order to calculate fuel savings, it is necessary to get an overview of the total fuel consumption for each mode of 
transport used in the corridor. The following table provides an overview of the average consumption for standard 
modes: 46 

Figure 45: List of transportation modes by person-miles gallon (PMPG) 


Transport Mode 

Average PMPG 

Max PMPG 1 

Plugin Hybrid 

110.6 

350 

Motorcycle 

71.8 

113 

Passenger Train 

71.6 

189.7 

Airplane 

42.6 

53.6 

Bus 

38.3 

330 

Car 

35.7 

113 

Light Truck, SUV, Minivan 

31.4 

91 


Multiplying these consumption figures with the number of vehicle-trips removed per year allows to forecast the total 
fuel savings in Thailand. These fuel savings are then multiplied with the current fuel prices in Thailand (0.76$/L for 
standard gas prices and $0.97/L for kerosene). While these figures provide an accurate view of the fuel savings in 
today’s economy, it is difficult to accurately forecast fuel prices over a period of 50 years. It is very probable that 
Thailand massively adopts electric vehicles within the next 30 years. However, a massive shift to electric vehicle 
would not offset indirect carbon emissions generated by coal-fired power plants and other non-renewable energy 
sources. Therefore, standard emission factors coming from motor vehicles were accounted in this study. 

4.2.4.5 Oil imports 

According to the Oil & Gas Journal, Thailand has held approximately 453 M. barrels of oil in 2013, which represents 
an increase of 11M barrels compared to 2011. It is estimated that Thailand produced 393,000 barrels per day of oil 
in 2011, including 140,000 barrels of crude oil per day, 84,000 of condensate, 154,000 of natural gas and liquids, 
and refinery grains for the remaining share. Furthermore, Thailand burned an estimated 1 M barrels per day of oil 
in 2011, with total net imports of 627,000 barrels per day. These figures make Thailand the second largest net oil 
importer in South-East Asia in 201 1 47 . 

Fuel consumption has a cost beyond the actual operating costs and environmental costs of the consumption, and 
this additional cost is expressed as the economic cost of oil imports. This concept reflects two ideas: a monopsony 
component and a price shock component. The monopsony component derives from the following logic; Thailand is 
such a large consumer of oil, an increase in demand for oil would lead to higher fuel prices (based on supply and 
demand relationships). The price shock component comes from the fact that when there is a reduction in oil 
supplies, this leads to higher oil prices which in turn reduces the level of Thailand economic output. As a 
consequence, reducing oil imports by consuming less fuel reduces the impact of these costs on Thailand’s 
economy. The National Highway Traffic and Safety Administration discusses this concept and estimates that each 
gallon of fuel saved reduces total U.S. imports of refined fuel or crude oil by 0.95 gallons. By extrapolating this data 
to the case of Thailand, it is possible to calculate the import savings in the country. 


46 Source: https://truecostblog.com/2010/05/27/fuel-efficiency-modes-of-transportation-ranked-by-mpg/ 
"Source: https://www.worldenergy.org/data/resources/country/thailand/oil/ 
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The recommended value for NHTSA’s estimate of the per-gallon cost of oil imports (both the monopsony and price 
shock components combined) is $0,295 per gallon (2006 $), which represents $0,368 in 2019 dollars. 

4.2.4.6 Safety Benefits 

According to the World Health Organization, Thailand’s roads are one of the most dangerous in the world. In 2012, 
61,197 crashes were recorded on Thai roads, leading to 8,746 deaths and 110,777 injuries. Although the number 
of crashes has dramatically decreased since 2007, accidents are still a major safety concern in the country and 
need to be reduced. The following table provides an overview of the evolution of road accidents in Thailand. 48 

Figure 46: Ratio of Road Traffic Injuries or Deaths to Crashes (in 000s) 
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The first step in estimating the total accidents reduction based on traffic reduction is to understand how many 
accidents occur per vehicle per year in Thailand. According to the World Health Organization, cars have a 0.299% 
chance to crash per trip, and buses have a 0.728% chance. Furthermore, according to the data, each crash 
generates 0.14 fatalities and 1.81 injuries. Using this data, it is possible to determine the total number of crashes 
avoided by removing vehicles from the road due to diverting trips to the hyperloop system. 


48 Adapted from: World Health Organization, Road Safety Institutional and Legal Assessment Thailand 
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The following figure provides an overview of the forecasted accidents reduction estimates for the years 10, 20, and 
30. 49 


Figure 47: Accidents avoided per year 


Accidents 


2034 

2044 

2054 


Crashes 

5,295.2 

6,968.7 

8,552.1 

Bangkok - Chiang Mai 

Injuries 

9,584.4 

12,613.3 

15,479.3 


Deaths 

741.3 

975.6 

1,197.3 


Crashes 

6,682.0 

8,778.1 

10,756.3 

Bangkok - Phuket 

Injuries 

12,094.5 

15,888.4 

19,468.9 


Deaths 

935.5 

1,228.9 

1,505.9 


Crashes 

22.5 

29.9 

37.0 

Phuket - Chiang Mai 

Injuries 

40.7 

54.1 

66.9 


Deaths 

3.2 

4.2 

5.2 


Crashes 

11,999.8 

15,776.7 

19,345.4 

Total 

Injuries 

21,719.6 

28,555.8 

35,015.1 


Deaths 

1,680.0 

2,208.7 

2,708.4 


The Bangkok-Phuket route seems to be the one with the most potential for accidents reduction. Overall, it is 
estimated that implementing a hyperloop system in the corridor could allow to avoid 1680 to 2700 deaths per year, 
with 741 to 1197 for Bangkok - Chiang Mai, 935 to 1505 for Bangkok -Phuket, and 3 to 5 for Phuket to Chiang Mai. 

In order to properly account for these benefits in the analysis, it is necessary to estimate the monetary value of a 
crash. The WHO report provides estimates of the cost that society incurred in the event of a road accident. Savings 
are presented in the following table. 50 


Figure 48: Valuation of consequences of road accidents and safety savings with hyperloop 





Savings (M. of USD) 

2054 


Valuation 
(Baht 2007) 

Valuation 
(Baht 2025) 

2034 

2044 

Property Damages 

31,178 

40,531 

24.29 

54.23 

99.96 

Injuries 

62,717 

92,619 

86.93 

194.10 

357.79 

Deaths 

4,050,502 

5,265,653 

441.71 

986.27 

1818.01 

Total 



552.92 

1234.59 

2275.75 


Overall, it is forecasted that society could save anywhere from $553 M. USD to $2.2 B. USD per year by 
implementing a hyperloop system in Thailand. It is important to note that the values presented in the above table 
are highly conservative compared to regular values used in Europe and America. For example, some high-speed 
rail studies value the death of a person at more than $1 M 51 , 


49 Source: Cost-Benefit Analysis, calculated from data retrieved from the World Health Organization 

“Source: Cost-Benefit Analysis, the value of statistical life was adjusted to inflation and grown over a period of 30 years to reflect the 
country’s economic expansion and the subsequent increase in the value of savings lives (to reach similar levels than western countries) 
51 See: Toronto-Montreal High-Speed Rail Study (2011) 
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4.2.4.7 Vehicle operating costs savings 


Vehicle Operating Costs (VOCs) are defined as the costs borne by owners of road vehicles to operate them, 
including fuel consumption, lubricants consumption, tires deterioration, repair and maintenance costs, insurance, 
overheads, administration, etc. In fact, VOCs are correlated with type of vehicle and average travel speed but are 
also characteristics of roads such as design standards and surface conditions. Savings owing to VOCs reduction 
are a typical benefit of road transport projects. For example, the rehabilitation/upgrade of an existing road typically 
implies better surface conditions and lower congestion, which, in turn, mean higher average speed and lower VOCs 
under a certain speed range. 

Nevertheless, projects in fields other than road may also affect VOCs. For example, a railway investment attracting 
passengers from the road network. Passengers that thus far have used the road mode will benefit from not operating 
their vehicles any longer. And, in the case of significant traffic diversion, passengers that eventually decide to remain 
in the alternative road network may also benefit from lower congestion and, consequently, from VOCs savings. 
Thus, VOCs are treated here as general economic costs of transport 52 . 

In the case of Thailand, VOCs are calculated based on the travel diversion across road, air, and rail vehicles. These 
estimates are made given the average operating costs per passenger-km of each mode of transport in the country. 
These average costs are then multiplied by the total passenger/km diverted for each mode of transport. It is 
important to note that operating costs are lower than what can be calculated in European or North-American 
feasibility studies. The following figure provides a summary of the total costs. 53 


Figure 49: Vehicle Operating Costs Savings 


Operating costs savings 

2034 

2044 

2054 

Bangkok - Chiang Mai 

362.7 

591.1 

898.3 

Bangkok - Phuket 

414.7 

674.6 

1,023.6 

Phuket - Chiang Mai 

42.8 

70.3 

107.7 

Total 

820.2 

1,336.1 

2,029.6 


Given the high anticipated ridership, operating costs savings represent a significant share of the benefits in the 
corridor. The key drivers of these costs savings are car diversions, as well as aircraft diversions. 


52 See: https://ec.europa.eu/inea/sites/inea/files/cba_guide_cohesion_policy.pdf 

53 Source: Cost-Benefit Analysis, estimated with the average cost of vehicle maintenance in the country 
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4.2.4.8 Summary of economic benefits 

The economic analysis explored the welfare impact on society across different cost and benefit categories. This 
part provides a summary of the calculated economic benefits for three corridors: Bangkok to Chiang Mai, Bangkok 
to Phuket, and finally Chiang Mai to Phuket via Bangkok. 

Bangkok / Chiang Mai corridor 

Similarly to the previously presented financial performance, the welfare impacts on the Bangkok - Chiang Mai 
corridors are one of the highest among other city pairs. Due to the heavy air and car ridership in the corridor, travel 
time savings are particularly significant among these two modes of transport. Consequently, the associated welfare 
benefits are expected to be high. The Economic Net Present Values are expected to be $61 B., $35 B., and $19 B. 
for a discount rate of 3%, 5%, and 7%. The Economic Rate of Return is expected to reach 13.87%, for an 
assessment period of 35 years, including 30 years of operations. The following figure provides an overview of the 
total welfare benefits. 54 


Figure 50: Bangkok / Chiang Mai economic benefits 

3% 5% 7% 12% 


Calculation of the Economic Rate of Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


B 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 


Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 


ENPV 3% 

ENPV 5% 

ENPV 7% 

ENPV 12% 

-9.7 

-9.3 

-8.9 

-8.2 

-0.6 

-0.5 

-0.4 

-0.3 

-6.0 

-4.1 

-2.9 

-1.4 

1.4 

0.7 

0.4 

0.1 





-14.9 

-13.2 

-11.9 

-9.8 






33.3 

20.7 

13.2 

4.9 

17.3 

10.7 

6.8 

2.5 

10.0 

6.7 

4.6 

2.1 

4.5 

3.0 

2.1 

1.0 

0.4 

0.3 

0.2 

0.1 





1.1 

0.7 

0.5 

0.2 

9.6 

6.2 

4.1 

1.7 

76.2 

48.3 

31.6 

12.5 

61.3 

35.1 

19.7 

2.7 


2025 2026 2027 2028 

Construction 


| 13.87%| 


2032 2033 2034 2039 2044 2049 20 54 | 2 060 

Operation 


-1.51 

-2.01 

-3.01 

-2.51 

-1.00 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.01 

-0.02 

-0.02 

-0.02 

-0.04 

-0.04 

-0.04 

-0.04 

-0.04 

-0.04 

-0.04 

-0.04 

-0.06 

-0.01 

-0.01 

-0.02 

-0.01 

-0.01 







-0.15 

-0.18 

-0.21 

-0.24 

-0.26 

-0.31 

-0.35 

-0.41 

-0.46 

-0.52 















3.81 
















-1.54 

-2.05 

-3.05 

-2.55 

-1.04 

-0.20 

-0.23 

-0.26 

-0.32 

-0.29 

-0.33 

-0.39 

-0.43 

-0.48 

3.27 
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0.30 

0.43 
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0.78 

1.45 

2.91 

4.49 

5.56 






0.06 

0.10 

0.16 

0.22 

0.27 

0.40 

0.73 

1.48 

2.36 
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0.16 
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0.05 

0.09 

0.14 

0.20 

0.24 

0.37 

0.55 

0.79 

1.01 

1.25 

0.00 

0.00 

0.00 

0.00 

0.00 

0.37 

0.66 

0.99 

1.37 

1.63 

2.31 

3.68 

6.37 

9.25 

11.45 

-1.54 

-2.05 

-3.05 

-2.55 

-1.04 

0.17 

0.43 

0.73 

1.05 

1.34 

1.97 

3.29 

5.93 

8.77 

14.72 


B/C RATIO 


54 Source: Cost-Benefit Analysis, the full projections are displayed in the appendix section 
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Bangkok / Phuket corridor 


The Bangkok / Phuket corridor is also set to provide significant economic returns over a period of 30 years. Similarly 
to the Bangkok / Chiang Mai line, the most important benefits will be the travel time savings. However, the marginal 
benefits stemming from travel time savings will be lower than the ones of Bangkok - Chiang Mai due to the higher 
share of diversion from air travel, which already provides significantly faster travel times than car users. The project 
should yield NPVs of $66 M., $37 M., and $20 M. for a discount rate of 3%, 5%, and 7%. The Economic Rate of 
Return is expected to reach 13.19% This rate of return is lower than the one for the Bangkok / Chiang Mai line due 
to greater capital requirements and limited travel time savings. While financial performances for both corridors were 
similar due to higher fares for the southbound line, the economic performance is better for the northbound line. The 
following figure provides a summary of the economic analysis: 55 


Figure 51: Bangkok / Phuket economic benefits 


2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2039 2044 2049 2054 2060 

Construction I Operation 


ENPV 3% 

ENPV 5% 

ENPV 7% 

ENPV 12% 

-11.9 

-11.4 

-11.0 

-10.1 

-0.6 

-0.5 

-0.4 

-0.3 

-7.5 

-5.1 

-3.7 

-1.8 

1.7 

0.8 

0.4 

0.1 





-18.4 

-16.2 

-14.6 

-12.1 


Calculation of the Economic Rate of Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 


Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 






34.8 

21.6 

13.8 

5.1 

19.5 

12.1 

7.7 

2.9 

11.4 

7.6 

5.2 

2.4 

5.4 

3.6 

2.5 

1.2 

0.5 

0.3 

0.2 

0.1 





1.3 

0.9 

0.6 

0.3 

12.1 

7.8 

5.2 

2.2 

84.9 

53.9 

35.3 

14.1 

66.5 

37.7 

20.7 

2.0 



B/C RATIO | 1 4.62 1 3.32 1 2.41 1 l/tT] 



55 Source: Cost-Benefit Analysis, the full projections are displayed in the appendix section 
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Chiang Mai / Bangkok / Phuket 

Overall, the Economic Rate of Return (ERR) for the project is estimated to be 13.8% for 25 years of operations and 
5 years of construction. The Economic Net Present Value (ENPV) is $133 B. for 3% social discount rate, $76 B. for 
5%, and $42 B. for 7%. The largest economic benefits are the travel time savings resulting from the diversion of 
passengers from all different modes of transport, particularly among air and car users. The second most important 
benefits are the productivity benefits. This category is much lower than the VOCS due to the very low value of travel 
time savings used in the survey. Finally, safety benefits and environmental benefits are both important categories, 
as Thailand is the second most dangerous country in the world for road accidents, and the Bangkok region is one 
of the most polluted metropolitan areas in the world. The following figure summarises the economic performance 
of the full corridor: 56 


Figure 52: Summary of the economic analysis 


ERR 
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56 Source: Cost-Benefit Analysis, the full projections are displayed in the appendix section 
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Figure 53: Economic sensitivity analysis with 3% discount rate 
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Figure 54: Economic sensitivity analysis with 5% discount rate 
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Figure 55: Economic sensitivity analysis with 7% discount rate 
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4.2.4.5 Discussion on the sensitivity 


As shown by the previous figures, the economic performance of the hyperloop system is highly contingent on the 
Willingness to Pay (WTP) of the customers in the corridor. This point proves that the extent of the economic impact 
identified in this study could substantially change if more favourable results are taken into consideration when 
calculating the WTP of customers taking the hyperloop. 

While increasing the WTP would be an effective mean to enhance economic performance, the potential gain still 
remains marginal and does not showcase an extremely high NPV at the end of the project. 

However, the lack of economic performance shown by the CBA does not necessarily mean that hyperloop will not 
have a significant impact on Thailand’s economy. Indeed, many economists believe that doing solely a CBA in order 
to assess transport or general infrastructure projects is not enough to make relevant decisions. Traditional CBA 
fails in considering agglomeration economies (firms locating increasingly close together and creating a cluster of 
better-connected distribution systems), labour market effects (the labour supply could increase, followed by an 
increased number of hours worked and higher productive jobs), increased production in imperfect market and 
increased competition in imperfect market 57 . Each of these factors could be able to trigger a significant GDP 
increase as a result of a large investment in infrastructure and would dramatically change the assessment of some 
transport projects. The GDP of a region could increase due to business time savings and imperfect competition 
among different players. 

The quantification of these impacts is generally complex and difficult to implement in a standardised appraisal 
method. However, it is possible to evaluate the economic impacts of building the infrastructure through adopting an 
input-output methodology. The following part goes through this exercise and estimates the economic impact of 
building a hyperloop system in Thailand. 

4.2.4.5 Comparison with the performance of High-Speed Rail 

This analysis provides a brief overview of the economic impacts of building a TransPod hyperloop system in 
Thailand. As this technology is set to provide substantially more economic benefits to traditional High-Speed Rail 
technology, it is relevant to compare the results of this study with the results of previous studies done in Thailand. 

As mentioned previously, the feasibility study conducted by the Japanese railway agency is unfortunately not 
publicly available. Consequently the only results of this analysis are scattered across newspapers, research papers 
and other publications that had access to the results of the previous High-Speed Rail study. The following table 
provides a comparison between the results of the High-Speed Rail study and the results calculated by TransPod. 

58 


Figure 56: TransPod/ High-Speed Rail comparison (Bangkok / Chiang Mai) 


Metrics 


Daily number of fares required to break even 
Infrastructure costs/km (M. of USD) 

Financial Rate of Return (FRR) 

Economic Rate of Return (ERR) 


TransPod High-Speed Rail 


20,000 50,000 

18.90 19.43 

0.27% Negative 

13.87% 12.32% 


57 See: DfT (2005). Wider Economic Benefits and Impact on GDP. D. f. Transport. London.; DfT (2008). The Additionality of Wider Economic 
Benefits in Transport Appraisal. D. f. Transport. London. 

“Source: Hyperloop data retrieved from Cost-Benefit Analysis and Financial Model, in addition to High-Speed Rail data retrieved from the 
Thai media, as well as: http://www.worldresearchlibrary.Org/up_proc/pdf/1118-151133232457-62.pdf 
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Break-even point 


According to the Japanese study, the High-Speed Rail between Bangkok and Chiang Mai will require a ridership of 
at least 50,000 passengers per day in order to recover operating costs. As high-speed rail can reach very high fixed 
operating costs, building infrastructure in zones of high population density is mandatory. On the other hand, it is 
estimated that the minimum ridership required by the TransPod hyperloop to break-even is 20,000 passengers per 
day. The fixed costs of TransPod’s technology are lower than high-speed rail, due to a simpler infrastructure. 
Furthermore, the infrastructure is immune to weather, and can generate its own electricity thanks to the solar panels, 
which in turns further decreases operating costs. 

Infrastructure costs 

Infrastructure costs are similar to the ones of High-Speed Rail. While the TransPod system can slightly more 
expensive to build than traditional High-Speed Rail, the lower operating costs provide a better economic and 
financial performance on the long run. 

Rates of return 

The internal rate of return (IRR) of Bangkok -Chiang Mai high speed railway is 12.32%, which is higher than 12% 
of the world bank discount rate. Comparatively, the economic IRR forecasted in this study for the TransPod 
hyperloop line reaches 13.87%, which is on par with High-Speed Rail forecasts and shows higher economic 
benefits. 

Despite a lower travel time and higher operating costs, the High-Speed Rail sill shows a strong economic 
performance. However, the TransPod hyperloop system should showcase a higher economic rate of return due to 
the substantially higher travel time savings. These results suggest that either the economic benefits calculated in 
this study are on the conservative side, or that the ones calculated by the Japanese study extrapolate the welfare 
benefits stemming from the project. Therefore, future feasibility studies should conduct an assessment of both High- 
Speed Rail and Hyperloop with the exact same assumptions. 
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4.3 Economic Impact Analysis 


This part breaks down the economic appraisal of building an Hyperloop system in Thailand in two parts. The first 
one adopts a traditional Input-Output methodology to estimate the economic impact of investing in new 
transportation infrastructure and covers the impacts of the construction. The second part discusses the additional 
economic impacts generated by the operations of a hyperloop line in Thailand. 

4.3.1 Input-Output Analysis of the construction 

GDP is defined as the “total unduplicated value of goods and services produced in the economic territory of a 
country or region during a given period’. GDP includes household income from current productive activities (wages, 
salaries and unincorporated business income) as well as profits and other income earned by corporations. The 
definition of GDP can be summarized with the following formula: 

GDP = C + G + I + (X-M ) 

Where 

C = Household consumption 
G = Government spending 
I — Investment (including CAPEX') 

(X — M) = Exports — Imports 

In the context of this study, GDP serves as a measure of the total economic value-added resulting from the capital 
investments and associated operations of a project. The input-output multipliers calculated allow to break down the 
contribution of each part the project to the country’s GDP. The following graph provides an overview of the 
relationship between expenditures and GDP. 


In theory: In order to understand the multiplier effect, it is 
im necessary to firstly define the concept of aggregated demand. 

The Aggregated Demand is a measurement of the sum of all 
im the final goods and services produced in an economy, 
expressed as the total amount of money exchanged for those 
goods and services. It represents the total output at a given 
price level. This demand curve is illustrated on the bottom 
graph, with PI being the initial domestic price level before 
investment, and P2 being the new price. 

The aggregate demand is directly connected to the relationship 
between expenditures and Real GDP (inflation-adjusted). An 
increase in government spending across the economy (G), will 
move the C + I + G + (X - M) curve upwards and shift the 
Aggregate Demand curve to the right, as prices will remain 
constant and GDP increases. Now that we are summarizing the 
whole multiplier process in terms of the position of the 
aggregate demand curve, we see that the expenditure multiplier 
represents how much the aggregate demand curve moves 
horizontally per unit of vertical shift in the family of total 
spending curves. 


Figure 57: Investment multiplier effect 
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In practice: An input output analysis is used in order to estimate the positive or negative economic outputs that 
occur due to an economic input. The basis of the output reaction is due to the interdependencies between industries 
and how the investment in one industry has a ripple effect amongst other industries. Outputs are measured based 
on three impacts: direct, indirect and induced. Direct impacts are the increase in expenditures for the project or 
input that is being conducted. For example, in building a skyscraper, all of the jobs, raw materials, and equipment 
required in order to build the skyscraper would be categorized as direct inputs. Indirect impacts are the increase in 
inputs by suppliers related to the project. Taking the skyscraper example once again, all increases undertaken by 
manufacturing companies to match the demand for raw materials of the project are indirect impacts. Induced 
impacts are increases in expenditures that are a result of the creation of the project. For example, all of the 
consumption done by the skyscraper’s construction workers on areas surrounding the project fall under induced 
impact. 

In the case of this feasibility study, we will estimate the economic outputs of various industries based on the input 
of constructing a hyperloop system within Thailand. The first necessary step to determine the different impacts is 
to calculate the different multipliers for each relevant industry impacted by the construction of the infrastructure. 
Unfortunately, there were no public multipliers available or previous studies that could be used to properly determine 
the total impact on the economy. Therefore, multipliers had to be computed from input output tables. To do this, we 
based our analysis on the OECD’s input-output tables for Thailand 59 . These tables allowed us to calculate the 
proper coefficients for each industry, which were double checked with the OECD data to make sure that the 
interrelationship between each industry was accurate. Upon checking the coefficients, Leontief Inverse Matrices 
were computed for both Type I multipliers (Direct and Indirect impacts) and Type II multipliers (Direct, Indirect, and 
Induced impacts). The source files are provided in Appendix 3, 4, and 5, as well as on the OECD’s website. 

Linking output multipliers to labour income and the number of employed people per sector in Thailand yielded the 
correct multipliers for GDP, and Employment. Once the multipliers calculated, is necessary to determine a 
methodology to calculate the economic impacts of building the infrastructure. The accuracy of an impact study’s 
results can be improved with the bill-of-goods method. 

The impact of a final-demand change can be calculated with the bill-of goods method in seven steps 60 . 

1. Decide whether Type I or Type II multipliers will be used in the analysis. 

2. Collect information on the intermediate inputs purchased by the final-demand industry. The prices paid for 
these inputs should include any sales or excise taxes. 

3. For each type of purchased good, determine which local industries will be involved in its supply. 

4. For each type of purchased good, calculate producer and distribution cost shares. These shares can be 
calculated with information from the national use table. 

5. For each type of purchased good, calculate the change in output for each local industry involved in its 
supply by multiplying the cost share by the purchase price. 

6. For each local industry involved in the supply of goods and services, multiply the change in the industry’s 
output by the industry’s final-demand multiplier and sum the results. 


59 See: https://stats.oecd.org/lndex.aspx?DataSetCode=IOTS 

60 See: https://www.bea.aov/resources/methodoloaies/RIMSII-user-guide 
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4.3.1.1 Economic Output 


Output can be defined as the value of goods and services produced by establishments (e.g. firms), excluding 
“intermediate” goods and services consumed by the same establishment during the production process (e.g. 
electricity produced for own consumption). Output includes goods and services sold in the market place as well as 
goods added to inventory. 


Figure 58: Summary of economic output impact in M. of USD 



This waterfall chart is used to visualize the total output generated by the construction of a TransPod system within 
the Phuket - Bangkok - Chiang Mai corridor. 

With an initial investment of $24B. the construction of this project will create $30 B. in economic output directly for 
Thailand. The value creation will be split three ways, with $11 B. of direct impact, $12 B. of indirect impacts and 
$7.2 B. of induced impacts. An example of the expenditures that make up the $11 B. figure include the steel, 
concrete and copper raw materials that are required to build the infrastructure. Around $13 B. of value will be lost 
to foreign suppliers due to the structure of supply chains in the country. This impact can be minimized by ensuring 
that the project promoters choose local suppliers and local workforce. In total, around 45% of the total construction 
value will be directly injected in the Thai economy. 

This Furthermore, the $12 B. in economic output is related to the increased expenditure of suppliers (labour, 
operations, equipment) in order to match the demand of the raw materials (copper, steel, concrete, etc.) for the 
construction of the tube. Lastly, there will be an induced economic output of $7 B. which will consist of the project 
workers consuming local goods as a result of being in the geographical proximity of the construction site. Combining 
these expenditures will yield a total economic output of $30 B., which corresponds to a net multiplier effect of xl .24. 
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4.3.1.2 Gross Domestic Product 

GDP is the “total unduplicated value of goods and services produced in the economic territory of a country or region 
during a given period”. GDP includes household income from current productive activities (wages, salaries and 
unincorporated business income) as well as profits and other income earned by corporations. In the context of our 
study, GDP serves as a measure of the total economic value-added resulting from the capital investments and 
associated operations of a project. 

Figure 59: Summary of GDP impact in M. of USD 
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The chart above indicates what effect this TransPod corridor will have on the GDP of Thailand, and the breakdown 
of how much GDP impact will be affected from each work scope. $4.6 B. in direct effects include payments such as 
salaries to construction workers as well as the cost of some materials to build a TransPod corridor. $10.5 B. in 
indirect effects include the increased value of operations and the cost of employment that will occur amongst 
suppliers in an effort to match the increase in materials demanded for the construction. Lastly, a contribution of $6.3 
B. to the Thai GDP will be made up of transactions in and around the Phuket - Bangkok - Chiang Mai areas. This 
GDP impact occurs due to the occurrence of the project in these geographical locations. 

Figure 60: GDP growth 

The side figure visualizes the change in the 
GDP of Thailand before and after the insertion 
of the project investment into the Thai 
economy. Prior to the investment, the Thai 
GDP is equal to $455 B. The construction of the 
TransPod hyperloop line will provide a strong 
economic stimulus and increased the GDP to 
$476. Hence the construction of a TransPod 
corridor will increase Thailand’s GDP by 4.7%. 
A GDP percentage change of this proportion 
due to a singular project is quite significant. 
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4.3.2.3 Job creation 


This study measures the employment impact in terms of full time equivalent (FTE) positions for ongoing employment 
(i.e. employment impact associated with annual expenditures). This approach is consistent with standard statistical 
terminology. 

Figure 61: Summary of job creation in Full Time Equivalent (FTE) 
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The chart above depicts the job creation from the construction of a TransPod line in Thailand. 67,876 jobs will be 
created in order to build the infrastructure of the system, e.g. the concrete beams elevating the track, the steel tube, 
etc. There will be 67,691 jobs created by suppliers who will supply the raw materials of the project. This increase 
represents the amount of additional human capital needed to match the raw material demanded from the project. 
Lastly, there will be 48,214 jobs created in order to match the new consumption demands of the project’s labourers. 
In total, the construction of the hyperloop line between Chiang Mai and Phuket via Bangkok has the potential to 
create up to 183,780 jobs throughout the 5 years of construction. 

While most of these FTEs will be allocated to the construction, some of these jobs will be retained for regular 
maintenance and operations of the line. For instance, the California high-speed rail is planned to create around 
4,500 permanent jobs, for a total length of around 1,300 km, which is similar to the total length of the Thai hyperloop 
system. Consequently, it is expected that there will be a substantial indirect and induced job creation stemming 
from operating the hyperloop line. 


Job creation in FTE 



Direct Indirect Induced Total 
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4.3.2 Wider economic impacts of operations 

The previous part provided an overview of the wider economic impacts of building the infrastructure. A multiplier 
effect is rippling through the economy due to a shift in the aggregate demand, therefore triggering economic 
expansion. While it is straightforward to estimate the economic impact of construction projects, the wider economic 
benefits of operating such system are substantially more complex to forecast. Traditionally, wider benefits are 
calculated based on transportation models such as the ASTRA model, used by the European Union. 

Investing in transportation systems usually results in two categories of benefits 61 . The first one is the impact related 
to the overall economy, such as economic output, gross regional product, value added, personal income and 
employment. The second concerns the impacts related to specific economic developments such as public revenues, 
expenditures, productivity, investment in capital, and real estate appreciation. 

Development impacts are split between three categories of impacts: 

1) Direct impacts: A change in accessibility due to more efficient transportation systems decreases general travel 
costs, which in turns increases productivity. Direct impacts can also be materialized as the impact of construction 
on regional/national wealth and job creation. 

2) Indirect impacts: This change in travel cost is transferred to suppliers, which are positively impacted by better 
accessibility and an increased demand for their products and services. 

3) Induced impacts: This overall increase in national/regional wealth increases general income levels in the 
economy and consequently expands the aggregate demand. This metric is the sum of all the final goods and 
services produced in an economy, expressed as the total amount of money exchanged for those goods and 
services. 

In traditional transportation appraisal, the vast majority of direct impacts within the transportation sector are related 
to travel time savings, operating costs savings, and externalities such as emissions reduction, and road safety 
improvements. In neoclassical economic theory, these impacts get materialised within society as welfare benefits, 
as the marginal benefit coming from lower generalised costs maximises the utility of transportation systems users. 

In addition to the basic impacts, researchers also suggest that there could be additional benefits related to transport 
costs reduction 62 . An improved accessibility due to reduced transportation costs generates a phenomenon called 
agglomeration economies. Firms will choose to locate close to their suppliers and customers and form regional 
clusters to further enhance business activities. For instance, financial institutions tend to locate close to each other 
to form a specialised cluster. Specialisation results in better productivity within the region through economies of 
scale. Agglomeration economies are considered to be externalities and are not included in primary (transportation) 
markets. 


61 Source: https://www.scirp.ora/(S(czeh2tfavw2orz553k1w0r45))/reference/ReferencesPapers.aspx?ReferencelD=2015956 

62 Source: https://www.nzta.govt.nz/assets/resources/research/reports/448/docs/448.pdf 
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The following figure shows the two main school of thought for transportation economic impacts: welfare and GDP 63 . 


Figure 62: Economic impacts of transportation investments 
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Today, most transportation investments decisions are made using the welfare approach, following a Cost-Benefit 
Analysis (CBA) methodology. The CBA stems from the marginal theory of value, stating that people act in a rational 
manner to maximise their own utility. Value is based on utility and therefore influences infrastructure investment 
decisions. In the case of CBA, value is defined as a monetary element to determine welfare benefits 64 

A great way to understand the magnitude of wider impacts is to look at the ex-post economic impact analysis for 
the implementation of a TGV line in France between Bordeaux and Tours 65 . For an initial investment of €2.6 B., 
about €827 M. was directly injected into the three regions where the HSR was built. The project generated € 1.6 B. 
in regional output, with €198 M. in direct impacts, €999 M. in indirect impacts, and €426 M. in induced impacts. The 
regional output multiplier for the project was xl .96. This multiplier means that each Euro invested regionally had a 
rippling effect on other sectors of the economy and generated an additional €0.96 of economic activity. Concurrently, 
for each direct job created during the construction period, 1 indirect job was also created in addition to 0.44 induced 
jobs, which results in a total job multiplier of x2.44. While around 47% of the jobs created were in the construction, 
18% of jobs were related to manufacturing and 10% for engineering. Unemployment growth in the three regions 
was significantly reduced by the construction of the line, which created 13,799 additional jobs in total. While the 
economic impact is evident, results coming from input-output analyses should be handled with care. For example, 
this analysis does not consider project costs and can overstate impacts by ignoring capacity constraints in the 
economy, such as labour force. It is recommended to use more complex models such as Computable General 
Equilibrium (CGE) in order to obtain more reliable impact measurements. 

Another example of strong wider economic benefits from HSR comes from Japan. Econometric models have shown 
that Japanese prefectures with HSR were more productive than the ones without. Furthermore, agglomeration from 
HSR has a high association with productivity in the region. Productivity is particularly impacted in areas near HSR 
stations 66 . 


63 Source: https://assets.publishina.service.aov.uk/aovernment/uploads/svstem/uploads/attachment data/file/556077/webtaa-wider-economic- 

impact-appraisal-taa-unit-a21 .pdf 

64 Source: https://ec.europa.eu/inea/sites/inea/files/cba_guide_cohesion_policy.pdf 

65 Source: https://hal.archives-ouvertes.fr/hal-00996965v2 

66 Source: https://www.sciencedirect.com/science/article/abs/pii/S2213624X1730130X 
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5. Impact of a TransPod 
Factory 

5.1 Summary 

TransPod technology is a mix between railway and aerospace systems. Indeed, the pods operate like a train or an 
LRT system, but they move like an airplane in a low-air pressure environment, without any contact with the 
environment, and the control systems are similar to avionics that currently exist on an airplane. Then, the wide 
variety of components to be manufactured and assembled impose a mix between off-the-shelf products, and 
custom-made assemblies. 

The TransPod project is global, and the sub-components will be manufactured in different places. The choice to 
manufacture a component in a certain location depends on many factors, such as: 

• Availability of raw materials 

• Skills of the local workforce, and opportunities to leverage local expertise 

• Isolated or central location, logistics, and local transportation network 

• Strength of the local economy, and stability of the country 

• Ease of operating a business, and efficiency of the banking system 

• Tax credits, incentives, and willingness to support and promote transportation, aerospace, and hyperloop 
industries 

However, the TransPod lines will be built in very diverse locations around the world. Most of the infrastructure 
components, such as the tubes, will be manufactured and assembled, while technical components will be 
manufactured in factories, and shipped to the final assembly lines, and then delivered to the sites. 

Thanks to its strong economy and its central position in South-East Asia, Thailand is a place of choice to implement 
a factory dedicated to hyperloop sub-systems and assembled pods. If a TransPod line were to be built in Thailand, 
then the tubes and the concrete pillars would also be made locally. 

This section presents the types and families of products that could be manufactured in a TransPod factory in 
Thailand, a description of the workforce involved in such a factory, and the benefits for the Thai economy and the 
local industrial network. 

• Footprint of the factory (buildings): 9.86 ha (about 14 soccer fields) 

• Outside storage area: 14.4 ha 

• Employees: 1722 

• Construction: 3-4 years 

• Cost of construction: $400M 

• Worker required for the construction: 350 

• Output at full capacity: $733M 

• Opportunity for export: 10% - 30% 

• Market served: transportation, smart electronics, automotive industry, aerospace industry, agricultural 
products, sustainable energy, waste recycling. 
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5.2 Products and outputs 


As a central location in South East Asia, Thailand offers a wide range of possibilities in term of manufacturing and 
assembling sub-components for hyperloop systems. We have divided the products into 8 different families. 

Electrical products 

Linear engines: Linear Induction Motors (LIM) are engines creating moving electromagnetic fields interacting with 
their environment, in order to create propulsion force, braking force, and levitation force on transportation vehicles, 
conveyor belts, catapults. 

On-board low power converters: Power converters and buses, in the 12V-400V range, for avionics and other low- 
voltage secondary systems, including coolant pumps, hydraulics, doors, lighting, etc." 

On-board high-power converters: Innovative lightweight power converter to convert 6kV DC to 0.6kV DC at 2MW 
power output, to be used on trains, LRT systems, solar farms. 

Harnesses: A cable harness, also known as a wire harness, cable assembly, wiring assembly or wiring loom, is an 
assembly of electrical cables or wires which transmit signals or electrical power. The cables are bound together by 
straps, cable ties, cable lacing, sleeves, electrical tape, conduit, a weave of extruded string, or a combination 
thereof. 

Plasma torches: A plasma waste converter is a plasma torch applied to garbage. Plasma waste converters can 
treat almost any kind of waste, including some traditionally difficult waste materials. It can treat medical waste or 
chemically-contaminated waste and leave nothing but gases and slag. Because it breaks down these dangerous 
wastes into their basic elements, they can be disposed of safely. 

Cooling systems 

On-board cooling system for power electronics: Coolant loop coupled to heat producing/consuming systems 
(particularly systems in a vacuum which can't dissipate their heat by convection); heat storage system; heat storage 
refill and exchange system. 

Thermal storage system: Thermal storage systems can be used to store excess heat, and/or convert heat into 
energy to increase the power efficiency of a vehicle. 

Shell and fuselage components 

Aerospace fuselage and components: Core of the fuselage construction, consisting of the middle segment of the 
vehicles, including pressure vessel and inner supporting structure. Galvanic, pressure, and thermal isolation on the 
vehicle's outer surface. 

Ports for vehicles and tubes: All major opening/closing ports on the vehicles, larger than 20 cm diameter. Pressure 
sealing is critical to these components. 

Onboard equipment and accessories 

Cabin interiors assemblies: Cabin furnishings, plus essential items for safely securing and stabilizing the payload: 
passenger seats, seat belts, luggage storage, cargo tracks, cargo tie-clamps. 

Seats: Seat assemblies for cars, trucks, vans, buses, trains, etc., and also customer designed seats for special 
applications. 

Interior assemblies: Final assembly of interior optical -lighting products. These lighting systems reproduce the true 
effect of natural sunlight entering through the opening in the integrated ceiling, with a realistic sun perceived at 
infinite distance surrounded by a clear deep blue sky. 
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Painting services 

Industrial painting services for cars, trucks, TransPod vehicles, and any other large assembly. 

Metal forming 

We have tailored the production of the factory to be able to handle the production of the tubes for the times when a 
TransPod line is being built in Thailand, or other metal formed products when the production of the tubes is done. 

Tubes segments: The segments of steel tubes that, once assembled, form the TransPod guideway. 

Tube substructure: Load-bearing structures that support the tubes. 

Airlocks: Pressurized airlocks that allow the transition for the vehicles from atmospheric pressure to medium 
vacuum. Pressurized ports assembled to the tube at regular intervals, used as emergency escape ports. 

Expansion joints: Metallic expansion joints designed to safely absorb the dimensional changes of steel pipe systems 
and ducts, either heat-induced expansion and contraction, vibrations, pressure deformations, misalignment during 
installation or building settlements. 

Maintenance and inspection vehicles 

Assembly of TransPod maintenance pods, built on the same platform than passengers and cargo pods. 

Solar panels assemblies 

Assembly of high-quality solar modules for a variety of rooftop and ground applications including: solar farms, oil & 
gas, transportation, marine, residential off-grid, and more. 

5.3 Markets - local and export 

5.3.1 Local markets served by the factory 

When planning the production of the factory, we have decided to focus on key markets for Thailand. These markets 
directly relate to the plans for growth in Thailand, and are aligned with the strategic plans for innovation and business 
developments. 

Transportation 

Due to road congestion and other inefficiencies in the supply chain, warehousing and inventory-carrying costs are 
significantly higher than would be expected. Thailand was ranked 31st in terms of overall logistics competitiveness 
by the World Bank’s 2010 Logistics Performance Index survey out of 155 countries and areas. 

The Thai government has put in place 5 plans over the 2015-2022 period to reduce cost of logistics and 
transportation, improve competitiveness of the economy. These plans include the development of the railway 
network, rail transportation, public transport network (extensions of both MRT (metro) and BTS (Skytrain), the 
development of bus and truck fleets, improvement of water transportation and air transport capabilities. 

Some products manufactured in the TransPod factory will directly benefit these plans, by supplying key innovative 
components (linear motors, lightweight on-board power converters, harnesses, body parts).67 

Smart electronics 

Thailand is known for its world-class industrial capacities with efficient manufacturing processes, competitive labor 
and robust expertise. Thailand also stands at the forefront when it comes to the smart electronics industry. “As the 
largest automotive production hub in the region, Thailand is home to 18 leading auto assemblers and over 2,400 
auto part producers, ranging from Tier 1 to Tier 3.3 To further develop its competitiveness, Thailand has intensively 
enhanced its technologies and capabilities to supply advanced automotive electronics components such as 


67 Source: http://www.ams-cbta.org/uploads/resources/15/attachment/transDort-assessment-Thailand.pdf 
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sensors, headers, connectors, electrical systems and embedded modules. For instance, Delta Electronics Thailand 
has produced the charging on board devices for Tesla Inc. The country is ready to produce high technology 
electronic parts for both domestic and global demand.”68 

Automotive parts and electrical charging stations 

The world is embracing to cleaner and smarter society while people’s mean of transportation like automobile also 
takes a step further to the next generation with more fuel-efficient and environmentally friendly. 

Thailand automotive industry has been significantly developed for over 50 years. The industry contributed 12% of 
the GDP1 with more than 1.94 million vehicles produced and worth USD 27 billion in 2016. These successes ranked 
the country as the largest automotive producer in Southeast Asia and 12th in the world. 

Thailand’s auto parts industry has always been a strong supporting factor contributing to the fast growing of 
Thailand’s automotive industry. More than 60% of 100 largest auto part suppliers in the world have their production 
hub in Thailand. Local manufacturers also supply for 80- 90% of the parts used in auto vehicle production in the 
country. 

Finally, in 2035, EV car in the world will reach 30% market share. Thailand also expected to have 1.2 million EV 
cars with more than 690 charging stations nation-wide available by 2036.69 

Aerospace 

Thailand is a perfect manufacturing base for foreign companies because of its competitive wages, strong logistic 
systems and extensive supporting facilities. The aviation manufacturing market in Thailand continues to show great 
promise. There is plenty of opportunity for foreign companies to explore this market, especially in higher tiers of 
aviation manufacturing. 

The expansion planned for Pattaya International Airport covers over 400 hectares and will be tailored to serve the 
aerospace and aviation industry providing excellent options for a range of related companies. Combining a bonded 
free trade zone and an intermodal freight rail yard, aerospace businesses have easy access to large industrial 
estates 30 km to the north in addition to two major ports (Laem Chabang and Maptaphut).70 

Agricultural parts 

It is well recognized that the machinery industry is a crucial supporting industry to the manufacturing sector, which 
plays a significant role in Thailand’s overall economy. This can be seen by the continued growth of both these 
industries. In 2014, the trade value of machinery and parts reached US$22.91 billion, nearly a 130% increase from 
2009 levels. However, according to the Ministry of Commerce, machinery and parts was ranked 2nd in terms of 
highest import value. In 2014, Thailand imported machinery and parts products worth US$15.23 billion, a 107% 
increase from 2009. 

In Thailand, mechanized farming has been initiated since 1955. Generally, farm mechanization has been practiced 
in rice production to reduce the labor requirement and improve the country’s agricultural productivity. With 
Thailand’s population profile ageing quickly, the labour situation is becoming more transparent. There are currently 
about 7.5mn people aged 65 or more in the country, and this figure is projected to increase to 17mn by 2040, which 
will represent more than a quarter of the expected population. One of the solutions that are supported by both 
Thailand’s public and private sectors to help tackle the labour shortage is the introduction of mechanized farming 
practices to enhance the labour capacity and increase efficiency. Mechanised farming is not only able to solve the 
labour shortage by making the workers that remain much more productive, but it also assures a stable quantity and 
quality of production. This means a better and more stable income for farmers. 

Several lines in the TransPod factory will be dedicated to manufacturing body parts of agricultural machines, 
electronic and electrical components. 


68 Source: Thailand Board of Investment 

69 Source: Thailand Board of Investment 

70 Source: Thailand Board of Investment 
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Sustainable energies 

“In order to strengthen Thailand’s long-term energy security and global economic competitiveness the country has 
committed itself to develop its alternative energy capabilities. This policy emerged at the national level as the 
Alternative Energy and Development Plan (AEDP), a 10-year initiative (2012-2021) to better diversify and build a 
more sustainable energy sector. With this plan, Thailand has set the target of increasing alternative energy 
consumption from 9,025 ktoe (kilo tonnes of oil equivalent) in 2014 to 24,638 ktoe in 2021. 

The end goal of the AEDP is to achieve 25% reliance on total national energy generation from alternative or 
renewable sources by the year 2021. The main focus of the plan is on solar and bio-energy because of the suitability 
and ease of production for these energy sources in Thailand. The country’s tropical location makes it an ideal place 
for the development of solar energy as the country receives a large amount of solar radiation throughout the year.” 

Thailand aims to substantially increase its solar energy production and economic support for this renewable 
technology. In 2014, Thailand solar power plant installation was 1,299 megawatts. Thailand’s AEDP targets solar 
energy installation capacity of 3,000 megawatts by 2021. The government has also included solar energy in the 
country’s Feed-in Tariff scheme.”71 

Waste recycling 

Utilizing municipal solid waste is a strategy used by the government to promote alternative energy. It has the added 
benefit of increasing landfill capacity, by reducing storage materials. In 2014, Thailand generated approximately 26 
million tons of MSW much of which could be converted to energy. MSW is converted to electrical energy mainly 
through incineration in heat boilers and powering turbines. Currently there are 21 waste power plants in Thailand. 
In 2014, Thailand consumed 66 megawatts of power through MSW. These numbers are set to grow as the AEDP 
initiative has set a target of 400 megawatts by 2021. The government has also included MSW energy in the country’s 
Feed-in Tariff scheme. 

By producing plasma torches, the TransPod factory will efficiently serve this market and allow it to reach its full 
potential. Not only these products will eliminate waste, but they will also be able to reduce dangerous and high- 
polluting garbage into gas and inert solid waste.72 

5.3.2 Export opportunities 

Thailand's status as a regional export hub allows local components and parts suppliers to benefit from the economic 
growth of its neighbors. Situated at the center of Indochina peninsula, Thailand has the perfect location connected 
to 2 billion people in Southeast Asia and China by land and by sea with world-class infrastructure provided. The 
third phase expansion of Laem Chabang deep-sea port is also expected to provide tremendous export capacities. 

The factory should be able to serve both local and international markets, whether a TransPod line is being built in 
Thailand, or not. 

We have taken these considerations into account when planning the production of the factory. Depending on the 
scenario (TransPod line being built in Thailand or not), up to 30% of the production can serve global markets. Most 
of the output would be distributed in South-East Asia, and there are opportunities to export globally. 


71 Source: Thailand Board of Investment 

72 Source: Thailand Board of Investment 
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5.3.3 People - human resources and skills transfers 

Thailand offers abundant, highly-skilled labor at competitive costs compared to other Asia-Pacific countries, 
lowering the cost of production for foreign companies. 

HR culture 

TransPod believes that people are the main resources of a company. This why the company has decided to innovate 
in its organizational structure and to limit the number level in the hierarchy of the company, as well as promoting 
innovation at every level and ensuring that internal processes encourage happiness and motivation in creating 
useful value. TransPod has plans to extend its human resources policies in each of its locations, whether it is a 
commercial office, a research center, or a factory. Meanwhile, each country and place have its own culture, and as 
a Canadian company, operating in a country where immigration and cultural differences are considered as 
strengths, TransPod has an extensive experience in successful multicultural teamwork. 

Workforce in a TransPod factory in Thailand 

A TransPod factory at full capacity would create about 1,700 permanent jobs in Thailand. Most of the employees 
would be technicians, skilled workers, and technical managers working in the assembly lines, and about 20% of the 
workforce would be working in support and administrative functions. 

As a Canadian company outsourcing its production in a foreign country, it is logical that some team members from 
Canada will be involved in the management of the factory. The target is not to oversee and control the operations, 
but to reinforce the collaboration between the headquarters and a remote factory. To respect the local culture and 
management habits, the board of directors would be equally split between Canadian directors and Thai directors. 

Then, for each department and support function, a minority of Canadian managers would be involved in the 
operations, in order to facilitate the communication, and transfer the knowledge on TransPod technology and quality 
standards. 


Figure 63: Factory workforce at full capacity 


Department 

Workforce 

Incl. 

management 

Incl. TransPod 
detached 
employees 

Executive management 

8 

8 

4 

Electrical 

261 

18 

4 

Cooling systems 

20 

2 

- 

Shell and fuselage 

54 

4 

2 

Interior equipment and accessories 

36 

4 

1 

Painting services 

17 

2 

- 

Metal forming 

929 

20 

8 

Maintenance and inspection vehicles 

2 

- 

- 

Solar Panels 

46 

4 

- 

Final assembly line 

50 

8 

4 

Support functions - factory (Packaging, Quality) 

70 

5 

5 

Support functions - logistics (procurement, logistics, warehousing) 

80 

5 

2 

Support functions - R&D, engineering, product support 

94 

12 

4 

Support functions - Marketing and sales 

25 

5 

2 

Support functions - administrative (HR and finance, IT, Marketing 
and sales) 

30 

5 

2 

TOTAL 

1722 

102 

36 


Note: cleaning services, security services and food services have not been included, and would be externalized. 
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Skill transfer 


TransPod’s factory in Thailand should have the same quality and efficiency standards as any other TransPod facility 
has, and TransPod will ensure that the means and resources are efficiently allocated to allow for the success of 
such endeavour. First of all, some of TransPod employees will be deployed in the factory to train and mentor the 
workforce. It is very important to identify local skills and develop them, as well as identify lack of skills and plan a 
skills transfers in order to improve the level of knowledge and knowhow of the workforce. 

Then, training, mentoring, and skills transfers are key components of TransPod’s FIR strategy. While the company 
fosters on innovation, it also wants to make sure that its employees are expressing the best of their capabilities into 
their work. Which is why the company has decided to develop and implement the TechTIP: Technology Transfer 
International Program. 

The purpose of this program is threefold: 

• Maintaining a high level of expertise of every TransPod employee, 

• Transferring skills from one location to another location, especially when a specific set of skills is not 
available in one location, 

• Leveraging on the best practices and ensuring such best practices are spread around each and every 
TransPod location. 

TransPod manages to achieve such an ambitious skills transfers between its various location through various 
processes: 

First, continuous training is the key to make sure that people are up to date regarding their technical skill sets, but 
also best practices, strategies, policies, and quality procedures. Such trainings are conducted on a regular basis 
and overseen by specialists among the HR department. Their tasks are to find the best adequation between the 
training programs and the current qualifications of the workers, as well as monitor the progress of each employees. 

Second, on a voluntary basis, employees are invited to “step into someone else's shoes” and discover another task. 
The objective of this exchange program for is to learn the basics of another job, and to gain more insight on the 
overall operations of the company. For example, a worker from the assembly line will be invited to work in the 
procurement department to better understand the challenges of the logistics, while the procurement officer will be 
able to grasp the criticality of delivering the raw materials in time and in good condition. 

Then, on a broader scale, the employees are invited to have one-to-one interactions with other employees from 
other locations. Some one-to-one exchanges will focus on technical discussions and trainings, while some others 
will focus on discussions about the overall strategy of the company, latest progresses, best practices, etc. 

Finally, some employees will be invited to visit other locations during custom-made seminars and business trips, to 
discover the working environment of the other subsidiaries, exchange best practices, and increase mutual skill sets. 

5.3.4 Footprint 

Layout 

The footprint of the factory allows for efficiently conducting several businesses, whether the production focuses on 
supplying the pipe for a TransPod line in Thailand, or assembling the pods for the South-East Asian market, or 
subsystem manufacturing. 

The zone division of the factory relates to the type of product manufactured. It also allows for further expansions on 
each side of the main building, in case one or several activities have to expand. 


© 2019 TransPod Inc. All Rights Reserved 


Page | 86 


Figure 64: Factory layout 


Equipment delivery area and 
outdoor storage 

Office Space 

5,200 sqm 

Electrical equipment and cooling systems 

12,000 sqm - 281 workers 

Painting 

Room 

1,600 sqm 
17 workers 

Pod Assembly line 

14,245 sqm - 50 workers 


Shell and fuselage components 


Interior equipment 

Office space 




2,295 sqm - 54 workers 


1,275 sqm -36 workers 

1,275 sqm - 72 workers 


Warehouse 







11,500 sqm 

80 workers 

Solar panel 
assembly 



Metal forming 



4,000 sqm 



45,205 sqm - 929 workers 



46 workers 







Disclaimer: The proposed layout is only a suggestion, based on the estimated outputs of the factory. A more 
accurate layout would be drafted during a proper complete feasibility study. This drawing is presented here so that 
the reader can estimate the size of a TransPod factory. 

The overall estimated footprint of the factory is 98,595 sqm, representing about 14 soccer field. 

Outside storage would be necessary for storing the tube and other metal finished components. The area required 
for the outside storage (not included in the above drawing) is estimated at 144,000 sqm. 

Here is the breakdown of the surface required for each sub-assembly: 

• Electrical and Cooling systems: 12,000 sqm 

• Shell and fuselage: 2,295 sqm 

• Interior equipment and accessories: 1,275 sqm 

• Painting services: 1,600 sqm 

• Metal forming: 45,205 sqm 

• Maintenance and inspection vehicles: included in the pod’s assembly line 

• Solar Panels: 4,000 sqm 

Common areas: 

• Main office: 5,200 sqm 

• Technical office: 1,275 sqm 

• Warehousing area for raw material and spare parts: 11,500 sqm 

• Pods assembly line: 14,245 sqm 

• Outside storage (not included in the drawing): 144,000 sqm. 
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5.3.5 Production scenarios 

Production capacity - scenarios 

Given the industrial landscape in Thailand, and in South-East Asia in general, and considering the opportunity for 
Thailand to build a TransPod hyperloop line, we have established 3 scenarios to illustrate the production capacity 
of the factory. 

Some of the scenarios allow the factory to operate at full capacity, while some others leave some room for other 
productions. The production schedule would be adjusted to leverage the entire resources of the factory (material 
and workforce). 

Scenario 1: Subsystem assemblies, and no line under construction 

In this least favorable scenario, there is no construction of a TransPod line in South-East Asia. The resources of 
the factory would then be used to manufacture subcomponents for the pods, and these components would be 
shipped to the final assembly lines, worldwide. 

Some of these components also fit other markets, and part of the products would be sold in Thailand, and exported. 

The factory would still be designed to support the eventuality of the construction of a TransPod line in South-East 
Asia in the future. 


Figure 65: Production scenario 1 (in USD) 


Category 

Local market 

Export market 

Electrical products 

Linear engines 

26,000,000 

10,000,000 

On-board low power converters 

400,000 

0 

On-board high-power converters 

88,200,000 

13,800,000 

Harnesses 

5,000,000 

500,000 

Plasma torches 

3,000,000 

0 

Cooling systems 

On-board cooling system for power electronics 

5,000,000 

0 

Thermal storage system 

1,500,000 

0 

Shell and fuselage components 

Aerospace fuselage and components 

0 

60,000,000 

Ports for vehicles and tubes 

0 

0 

Interior equipment and accessories 

Cabin interiors assemblies 

0 

30,000,000 

Seats 

0 

600,000 

Interior lighting optics assemblies 

12,000,000 

0 

Painting services 

2,000,000 

0 

Metal forming 

Tubes segments 

53,000,000 

2,000,000 

Tube substructure 

5,300,000 

1,000,000 

Airlocks 

0 

0 

Expansion joints 

0 

0 

Maintenance and inspection vehicles 

0 

0 

Solar panels assemblies 

53,662,500 

0 

TOTAL 

255,062,500 

117,900,000 
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Scenario 2: Subsystem assemblies, TransPod line under construction in South-East Asia 

In this scenario, a TransPod hyperloop line is expected to be built in South-East Asia, but not in Thailand. 

The factory would assemble subsystems and deliver them to the pod’s assembly line. Final products would be 
exported to the country in which TransPod is building a line. 

Depending on the production schedule, there would be some room for distributing products on both local and export 
markets. 


Figure 66: Production scenario 2 (in USD) 


Category 

Export market - 
pods 

Local market 

Export market 

Electrical products 

Linear engines 

16,000,000 

18,000,000 

2,000,000 

On-board low power converters 

400,000 

9,000,000 

1,000,000 

On-board high-power converters 

4,000,000 

88,200,000 

9,800,000 

Harnesses 

500,000 

4,500,000 

500,000 

Plasma torches 

3,000,000 

4,500,000 

500,000 

Cooling systems 

On-board cooling system for power electronics 

5,000,000 

6,750,000 

750,000 

Thermal storage system 

1,500,000 

675,000 

75,000 

Shell and fuselage components 

Aerospace fuselage and components 

60,000,000 

27,000,000 

3,000,000 

Ports for vehicles and tubes 

3,900,000 

0 

0 

Interior equipment and accessories 

Cabin interiors assemblies 

30,000,000 

0 

0 

Seats 

600,000 

0 

0 

Interior lighting optics assemblies 

12,000,000 

0 

0 

Painting services 

2,000,000 

2,160,000 

240,000 

Metal forming 

Tubes segments 


53,000,000 

2,000,000 

Tube substructure 


5,300,000 

1,000,000 

Airlocks 


0 

0 

Expansion joints 


0 

0 

Maintenance and inspection vehicles 

1,800,000 

0 

0 

Solar panels assemblies 


53,662,500 

0 

TOTAL 

140,700,000 

272,747,500 

20,865,000 
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Scenario 3: Subsystem assemblies, TransPod line under construction in Thailand 

Years 1-5: Infrastructure and pods 
Years 6: Pods only 

In this most favorable scenario, a TransPod line is being built in Thailand. The factory would manufacture the 
infrastructure metal components required to build the line (tube segments, supports, airlocks and expansion joints). 
The factory would also assemble subsystems and deliver them to the pod’s assembly line. 

The production for the infrastructure components is expected to last 5 years, while the production of the pods would 
be spread over about 12 years, and follow the growth of the ridership. Depending on the production schedule for 
both infrastructure components and pods subcomponents, there would be some room for distributing products on 
both local and export markets. 


Figure 67: Production scenario 3 (in USD) 


Category 

Local market 
- pods 

Local market 

infrastructure 

Local market 

Export 

market 

Electrical products 

Linear engines 

16,000,000 

0 

18,000,000 

2,000,000 

On-board low power converters 

400,000 

0 

9,000,000 

1,000,000 

On-board high-power converters 

4,000,000 

0 

88,200,000 

9,800,000 

Harnesses 

500,000 

0 

4,500,000 

500,000 

Plasma torches 

3,000,000 

0 

4,500,000 

500,000 

Cooling systems 

On-board cooling system for power 

5,000,000 

0 

6,750,000 

750,000 

electronics 

Thermal storage system 

1,500,000 

0 

675,000 

75,000 

Shell and fuselage components 

Aerospace fuselage and components 

60,000,000 

0 

27,000,000 

3,000,000 

Ports for vehicles and tubes 

3,900,000 

0 

0 

0 

Interior equipment and accessories 

Cabin interiors assemblies 

30,000,000 

0 

0 

0 

Seats 

600,000 

0 

0 

0 

Interior lighting optics assemblies 

12,000,000 

0 

0 

0 

Painting services 

2,000,000 

0 

2,160,000 

240,000 

Metal forming 

Tubes segments 


212,000,000 

18,000,000 

2,000,000 

Tube substructure 


21,200,000 

9,000,000 

1,000,000 

Airlocks 


70,666,667 

0 

0 

Expansion joints 


26,500,000 

0 

0 

Maintenance and inspection vehicles 

1,800,000 

0 

0 

0 

Solar panels assemblies 


53,662,500 

0 

0 

TOTAL 

140,700,000 

384,029,167 

187,785,000 

20,865,000 
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5.4 Economic and financial impacts 

Economic impacts of construction 

The factory should be located close to main logistics hubs, and close to an entry point of the construction of the 
TransPod line. Indeed, the factory will be at full capacity in the case of the construction of a line, and the metal 
forming department that will manufacture the tubes will be the largest output of the factory. It is crucial to be able to 
transport the tubes to the site without disturbing current nearby operations. 

The construction of the factory could be completed in 3-4 years, and we estimate that the construction itself will 
create about 350 jobs. 

The budget for the construction of the factory is estimated at $400M. A thorough design will be done in order to 
build a state-of-the-art factory, that could expand on each side, depending on the activities shifts that will be 
envisioned. 

Robotization, advanced contamination control and quality control processes, automation and advanced logistics 
will be implemented, so this factory can be the showroom of TransPod best practices and quality standards. 

Economic output 

Figure 68: Economic output of building the factory (in M of USD) 


o 

to 

3 

M— 
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Economic Output in M. of USD 



Direct Indirect Induced Total 


Using the previously calculated multipliers for the Thai economy yields that building the factory will generate $260 
M. of direct output, $505 M. of indirect output and $206M. of induced output. The total output impact will be of $1B. 
USD. 


© 2019 TransPod Inc. All Rights Reserved 


Page | 91 




GDP impact 

Figure 69: GDP impact of building the factory (in M of USD) 



Building the factory will generate $113 M. in direct GDP impact, $301 M. indirect, and $174 M. induced. The total 
GDP impact is estimated to be of $588 M. 

Job creation 

Figure 70: Job creation of building the factory (in M of USD) 


Job creation in FTE 



Direct Indirect Induced Total 


While the factory will create long-term jobs, it is estimated that the construction will create direct 350 FTE, which 
will lead to 349 indirect FTE, and 248 induced FTW. The total job creation from the factory project is estimated to 
reach 947 FTE. 
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Impact of production 

Based on the previously described scenario, the Factory will generate both local and export-ready goods that could 
participate in improving Thailand’s trade balance. The following charts provide an overview of the expected yearly 
production based on the aforementioned scenario. 


Figure 71: Total production of the factory 
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6. The way forward 

Hyperloop is considered as the natural extension of air transportation on the ground and covering medium to long 
distances. The hyperloop technology as developed by TransPod will redefine freight and passenger transportation 
as we know it by shrinking distances and making high speed transportation available to the masses due to reduced 
construction and maintenance costs. 

The development of this technology will strongly help reduce human induced climate change. In addition to reducing 
global carbon emissions and massively shrinking distances, the development of this new mode of transport will 
have strong external industrial impact by contributing to the development of other innovative technologies and lead 
to scientific discoveries. 

This study has shown that the TransPod hyperloop technology can be more competitive than High-Speed Rail and 
other modes of transport in Thailand. Implementing hyperloop technology in the Chiang Mai / Bangkok / Phuket 
corridor could provide significant economic benefits such as: Travel time savings, productivity savings, vehicle 
operating costs savings, fuel consumption benefits, oil imports savings, C02 emissions reductions, and an increase 
in road safety. 

Empirical evidence show that Thailand has many incentives to invest in the development of this technology as of 
now, and plan for future infrastructure projects in order to take a quantum leap over other competing economies. It 
is therefore recommended that Thailand seizes this opportunity and invests in research and development for 
hyperloop technology. Once the R&D process finished, the country should implement this new technology, which 
will act as a catalyst to drive future economic growth in the country. Implementing hyperloop in Thailand will turn 
the country into an economic powerhouse. 
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Appendix 1: Summary of the financial analysis Chiang Mai / Bangkok / Phuket (1/2) 


FINANCIAL ANALYSIS 


3% 5% 7% 12% 


NPV 3% 

NPV 5% 

NPV 7% 

NPV 

12% 

-22.9 

-22.2 

-21.6 

-20.0 

-1.4 

-1.1 

-1.0 

-0.7 

-17.1 

-11.7 

-8.3 

-4.0 





28.5 

19.0 

13.1 

5.9 

3.4 

1.7 

0.9 

0.2 

-9.5 

-14.4 

-16.9 

-18.6 


Calculation of the Return on National 
Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


-3.73 

-4.97 

-7.5 

-6.21 

-2.49 

0.02 

0.03 

0.03 

0.03 

0.03 

-0.11 

-0.09 

-0.09 

-0.10 

-0.10 

-0.10 

-0.10 

-0.10 

-0.12 

-0.03 






-0.42 

-0.50 

-0.59 

-0.68 

-0.75 
















0.25 

0.45 

0.66 

0.89 

1.04 
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Appendix 1: Summary of the financial analysis Chiang Mai / Bangkok / Phuket (2/2) 


2035 
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Calculation of the Return on National 
Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.04 

-0.03 

-0.04 

-0.04 

-0.03 

-0.03 

-0.03 

-0.04 

-0.03 

-0.04 

-0.04 

-0.06 

-0.05 

-0.05 

-0.77 

-0.79 

-0.82 

-0.84 

-0.87 

-0.89 

-0.92 

-0.95 

-0.98 

-1.01 

-1.04 

-1.07 

-1.10 














1.09 

1.15 

1.21 

1.27 

1.33 

1.39 

1.46 

1.53 

1.61 

1.69 

1.77 

1.85 

1.94 














0.3 

0.3 

0.4 

0.4 

0.5 

0.5 

0.5 

0.6 

0.6 

0.7 

0.7 

0.8 

0.8 


2048 

2049 

2050 

2051 

2052 

2053 

2054 

2055 

2056 

2057 

2058 

2059 

2060 















Calculation of the Return on National 
Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

-0.06 

-0.03 

-0.03 

-0.03 

-0.03 

-0.04 

-0.02 

-0.05 

-0.03 

-0.03 

-0.05 

-0.03 


-1.14 

-1.17 

-1.20 

-1.23 

-1.26 

-1.29 

-1.32 

-1.35 

-1.39 

-1.42 

-1.45 

-1.49 

-1.53 














2.04 

2.14 

2.22 

2.29 

2.38 

2.46 

2.55 

2.64 

2.73 

2.83 

2.93 

3.03 

3.14 













9.44 

0.9 

1.0 

1.0 

1.1 

1.1 

1.2 

1.2 

1.3 

1.4 

1.4 

1.5 

1.6 

11.1 
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Appendix 2: Summary of the economic analysis Chiang Mai / Bangkok / Phuket (1/3) 


ECONOMIC ANALYSIS 


ERR 


2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

2033 

2034 

Construction 

Operations 


ENPV 

ENPV 

ENPV 

ENPV 

3% 

5% 

7% 

12% 

-20.6 

-20.0 

-19.4 

-18.0 

-1.2 

-1.0 

-0.9 

-0.6 

-13.9 

-9.5 

-6.8 

-3.3 

3.0 

1.5 

0.8 

0.2 





-32.7 

-29.0 

-26.2 

-21.7 


Calculation of the Economic Rate of 
Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


-3.35 

-4.47 

-6.71 

-5.59 

-2.24 

0.02 

0.02 

0.02 

0.02 

0.02 

-0.10 

-0.08 

-0.08 

-0.09 

-0.09 

-0.09 

-0.09 

-0.09 

-0.11 

-0.03 






-0.34 

-0.41 

-0.48 

-0.55 

-0.60 





















-3.46 

-4.56 

-6.79 

-5.68 

-2.32 

-0.41 

-0.47 

-0.55 

-0.64 

-0.61 






69.7 

43.2 

27.6 

10.3 

37.5 

23.3 

14.8 

5.5 

22.6 

15.1 

10.4 

4.7 

10.7 

7.2 

5.0 

2.3 

0.9 

0.6 

0.5 

0.2 





2.5 

1.7 

1.2 

0.5 

21.7 

14.0 

9.4 

3.9 

165.8 

105.2 

68.9 

27.5 

133.1 

76.2 

42.7 

5.7 


13.80% 

5.08 

3.63 

2.63 

1.26 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 


Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 

















0.23 

0.42 

0.64 

0.89 

1.08 






0.12 

0.23 

0.35 

0.48 

0.58 






0.20 

0.35 

0.52 

0.70 

0.82 






0.11 

0.19 

0.28 

0.38 

0.44 






0.01 

0.02 

0.03 

0.04 

0.05 
















0.02 

0.04 

0.06 

0.08 

0.09 






0.12 

0.22 

0.33 

0.46 

0.55 

0.00 

0.00 

0.00 

0.00 

0.00 

0.82 

1.46 

2.20 

3.03 

3.61 

-3.46 

-4.56 

-6.79 

-5.68 

-2.32 

0.41 

0.99 

1.65 

2.39 

3.00 
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Appendix 2: Summary of the economic analysis Chiang Mai / Bangkok / Phuket (2/3) 


2035 

2036 

2037 

2038 

2039 

2040 

2041 
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2043 
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2045 
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Calculation of the Economic Rate of 
Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

- 0.03 

- 0.03 

- 0.03 

- 0.03 

- 0.03 

- 0.03 

- 0.04 

- 0.03 

- 0.04 

- 0.04 

- 0.05 

- 0.04 

- 0.04 

- 0.62 

- 0.64 

- 0.66 

- 0.68 

- 0.70 

- 0.72 

- 0.74 

- 0.77 

- 0.79 

- 0.82 

- 0.84 

- 0.87 

- 0.89 



























- 0.62 

- 0.65 

- 0.67 

- 0.68 

- 0.70 

- 0.72 

- 0.75 

- 0.77 

- 0.80 

- 0.83 

- 0.86 

- 0.88 

- 0.90 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 

B. of USD 

Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 















1.17 

1.27 

1.38 

1.49 

1.63 

1.79 

2.02 

2.30 

2.64 

3.04 

3.50 

4.03 

4.63 

0.63 

0.69 

0.74 

0.81 

0.88 

0.96 

1.07 

1.21 

1.39 

1.60 

1.84 

2.12 

2.44 

0.86 

0.91 

0.95 

1.00 

1.05 

1.10 

1.16 

1.21 

1.27 

1.34 

1.40 

1.47 

1.54 

0.45 

0.47 

0.49 

0.51 

0.53 

0.56 

0.58 

0.60 

0.62 

0.65 

0.67 

0.70 

0.72 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.06 

0.06 














0.10 

0.10 

0.11 

0.11 

0.12 

0.12 

0.13 

0.14 

0.14 

0.15 

0.16 

0.16 

0.17 

0.60 

0.65 

0.71 

0.77 

0.83 

0.90 

0.97 

1.05 

1.14 

1.23 

1.34 

1.45 

1.56 

3.86 

4.14 

4.43 

4.74 

5.08 

5.48 

5.98 

6.57 

7.27 

8.07 

8.97 

9.99 

11.14 

3.24 

3.49 

3.76 

4.06 

4.38 

4.75 

5.22 

5.80 

6.47 

7.24 

8.11 

9.11 

10.23 
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Appendix 2: Summary of the economic analysis Chiang Mai / Bangkok / Phuket (3/3) 


2048 

2049 

2050 
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Calculation of the Economic Rate of 
Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

- 0.05 

- 0.03 

- 0.03 

- 0.03 

- 0.03 

- 0.04 

- 0.02 

- 0.04 

- 0.03 

- 0.03 

- 0.04 

- 0.03 


- 0.92 

- 0.95 

- 0.97 

- 1.00 

- 1.02 

- 1.04 

- 1.07 

- 1.10 

- 1.12 

- 1.15 

- 1.18 

- 1.21 

- 1.24 













8.50 














- 0.94 

- 0.94 

- 0.97 

- 0.99 

- 1.01 

- 1.05 

- 1.05 

- 1.10 

- 1.11 

- 1.14 

- 1.18 

- 1.20 

7.31 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 

B. of USD 

Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 















5.33 

6.08 

6.85 

7.64 

8.36 

8.99 

9.38 

9.77 

10.14 

10.51 

10.87 

11.24 

11.63 

2.81 

3.21 

3.62 

4.05 

4.47 

4.84 

5.12 

5.34 

5.55 

5.76 

5.96 

6.17 

6.38 

1.62 

1.70 

1.76 

1.83 

1.89 

1.96 

2.03 

2.10 

2.18 

2.26 

2.34 

2.42 

2.51 

0.75 

0.78 

0.81 

0.83 

0.85 

0.87 

0.90 

0.92 

0.94 

0.97 

0.99 

1.02 

1.04 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 

0.06 














0.18 

0.19 

0.20 

0.20 

0.21 

0.22 

0.23 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

1.68 

1.79 

1.89 

1.99 

2.08 

2.18 

2.28 

2.37 

2.46 

2.55 

2.64 

2.73 

2.82 

12.43 

13.83 

15.19 

16.60 

17.93 

19.12 

19.99 

20.79 

21.58 

22.36 

23.12 

23.91 

24.73 

11.49 

12.88 

14.22 

15.61 

16.92 

18.08 

18.94 

19.69 

20.47 

21.22 

21.95 

22.72 

32.03 
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Appendix 3: Summary of the financial analysis Chiang Mai / Bangkok (1/2) 


FINANCIAL ANALYSIS 


3 % 5 % 7 % 12 % 


NPV 3% 

NPV 5% 

NPV 7% 

NPV 

12% 

- 10.8 

- 10.3 

- 9.9 

- 9.1 

- 0.6 

- 0.5 

- 0.4 

- 0.3 

- 7.4 

- 5.1 

- 3.6 

- 1.8 





11.7 

7.8 

5.4 

2.4 

1.5 

0.8 

0.4 

0.1 

-5.6 

-7.4 

-8.2 

-8.7 


Calculation of the Return on National 
Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


- 1.67 

- 2.23 

- 3.34 

- 2.79 

- 1.11 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.04 

- 0.04 

- 0.04 

- 0.04 

- 0.05 

- 0.05 

- 0.05 

- 0.05 

- 0.07 

- 0.01 






- 0.19 

- 0.22 

- 0.26 

- 0.30 

- 0.33 
















0.10 

0.18 

0.27 

0.36 

0.43 











-1.7 

-2.3 

-3.4 

-2.8 

-1.2 

-0.1 

-0.1 

-0.1 

0.0 

0.1 


FRR(K) 


2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

2033 

2034 

Construction 

Operations 


FRR 


0.27% 
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Appendix 3: Summary of the financial analysis Chiang Mai / Bangkok (2/2) 


2035 

2036 

2037 

2038 
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Calculation of the Return on National 
Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.01 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.03 

- 0.02 

- 0.03 

- 0.02 

- 0.34 

- 0.35 

- 0.36 

- 0.37 

- 0.38 

- 0.39 

- 0.40 

- 0.41 

- 0.42 

- 0.44 

- 0.45 

- 0.46 

- 0.48 














0.45 

0.47 

0.49 

0.52 

0.54 

0.57 

0.60 

0.63 

0.66 

0.69 

0.73 

0.76 

0.80 














0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 


2048 

2049 

2050 

2051 

2052 

2053 

2054 

2055 

2056 

2057 

2058 

2059 

2060 















Calculation of the Return on National 
Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.03 

- 0.01 

- 0.02 

- 0.01 

- 0.01 

- 0.02 

- 0.01 

- 0.02 

- 0.01 

- 0.02 

- 0.02 

- 0.01 


- 0.49 

- 0.50 

- 0.52 

- 0.53 

- 0.54 

- 0.55 

- 0.56 

- 0.58 

- 0.59 

- 0.60 

- 0.62 

- 0.63 

- 0.65 














0.84 

0.88 

0.91 

0.95 

0.98 

1.02 

1.05 

1.09 

1.13 

1.17 

1.21 

1.26 

1.30 













4.24 

0.3 

0.4 

0.4 

0.4 

0.4 

0.4 

0.5 

0.5 

0.5 

0.5 

0.6 

0.6 

4.9 
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Appendix 4: Summary of the economic analysis Chiang Mai / Bangkok (1/3) 


ECONOMIC ANALYSIS 


ERR 


2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

2033 

2034 

Construction 

Operations 


ENPV 

ENPV 

ENPV 

ENPV 

3% 

5% 

7% 

12% 

- 9.7 

- 9.3 

- 8.9 

- 8.2 

- 0.6 

- 0.5 

- 0.4 

- 0.3 

- 6.0 

- 4.1 

- 2.9 

- 1.4 

1.4 

0.7 

0.4 

0.1 





-14.9 

-13.2 

-11.9 

-9.8 


Calculation of the Economic Rate of 
Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


- 1.51 

- 2.01 

- 3.01 

- 2.51 

- 1.00 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.04 

- 0.04 

- 0.04 

- 0.04 

- 0.04 

- 0.04 

- 0.04 

- 0.04 

- 0.06 

- 0.01 






- 0.15 

- 0.18 

- 0.21 

- 0.24 

- 0.26 





















-1.54 

-2.05 

-3.05 

-2.55 

-1.04 

-0.20 

-0.23 

-0.26 

-0.32 

-0.29 






33.3 

20.7 

13.2 

4.9 

17.3 

10.7 

6.8 

2.5 

10.0 

6.7 

4.6 

2.1 

4.5 

3.0 

2.1 

1.0 

0.4 

0.3 

0.2 

0.1 





1.1 

0.7 

0.5 

0.2 

9.6 

6.2 

4.1 

1.7 

76.2 

48.3 

31.6 

12.5 

61.3 

35.1 

19.7 

2.7 


13.87% 

5.11 

3.66 

2.65 

1.28 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 


Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 

















0.11 

0.20 

0.30 

0.43 

0.51 






0.06 

0.10 

0.16 

0.22 

0.27 






0.09 

0.16 

0.23 

0.31 

0.36 






0.05 

0.08 

0.12 

0.16 

0.18 






0.01 

0.01 

0.01 

0.02 

0.02 
















0.01 

0.02 

0.03 

0.03 

0.04 






0.05 

0.09 

0.14 

0.20 

0.24 

0.00 

0.00 

0.00 

0.00 

0.00 

0.37 

0.66 

0.99 

1.37 

1.63 

-1.54 

-2.05 

-3.05 

-2.55 

-1.04 

0.17 

0.43 

0.73 

1.05 

1.34 
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Appendix 4: Summary of the economic analysis Chiang Mai / Bangkok (2/3) 


2035 

2036 

2037 

2038 

2039 

2040 

2041 

2042 

2043 

2044 

2045 

2046 

2047 















Calculation of the Economic Rate of 
Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.03 

- 0.02 

- 0.27 

- 0.28 

- 0.29 

- 0.30 

- 0.31 

- 0.31 

- 0.32 

- 0.33 

- 0.34 

- 0.35 

- 0.36 

- 0.37 

- 0.38 



























-0.30 

-0.31 

-0.31 

-0.32 

-0.33 

-0.34 

-0.35 

-0.36 

-0.37 

-0.39 

-0.39 

-0.41 

-0.42 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 

B. of USD 

Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 















0.56 

0.61 

0.66 

0.71 

0.78 

0.85 

0.96 

1.10 

1.26 

1.45 

1.67 

1.93 

2.22 

0.29 

0.32 

0.34 

0.37 

0.40 

0.44 

0.49 

0.56 

0.64 

0.73 

0.85 

0.97 

1.12 

0.38 

0.40 

0.42 

0.44 

0.46 

0.49 

0.51 

0.54 

0.56 

0.59 

0.62 

0.65 

0.68 

0.19 

0.20 

0.21 

0.21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 














0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.07 

0.07 

0.07 

0.08 

0.26 

0.29 

0.31 

0.34 

0.37 

0.40 

0.43 

0.46 

0.50 

0.55 

0.59 

0.64 

0.69 

1.75 

1.87 

2.01 

2.15 

2.31 

2.49 

2.72 

2.99 

3.31 

3.68 

4.10 

4.58 

5.11 

1.45 

1.57 

1.69 

1.83 

1.97 

2.14 

2.36 

2.63 

2.94 

3.29 

3.71 

4.16 

4.69 


© 2019 TransPod Inc. All Rights Reserved 


Page | 105 

















































































Appendix 4: Summary of the economic analysis Chiang Mai / Bangkok (3/3) 


2048 

2049 

2050 

2051 

2052 

2053 

2054 

2055 

2056 

2057 

2058 

2059 

2060 















Calculation of the Economic Rate of 
Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


- 0.01 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.03 

- 0.01 

- 0.02 

- 0.01 

- 0.01 

- 0.02 

- 0.01 

- 0.02 

- 0.01 

- 0.02 

- 0.02 

- 0.01 


- 0.40 

- 0.41 

- 0.42 

- 0.43 

- 0.44 

- 0.45 

- 0.46 

- 0.47 

- 0.48 

- 0.49 

- 0.50 

- 0.51 

- 0.52 













3.81 














-0.44 

-0.43 

-0.45 

-0.45 

-0.46 

-0.48 

-0.48 

-0.50 

-0.51 

-0.53 

-0.54 

-0.54 

3.27 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 

B. of USD 

Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 















2.55 

2.91 

3.27 

3.65 

4.00 

4.30 

4.49 

4.67 

4.85 

5.03 

5.20 

5.38 

5.56 

1.29 

1.48 

1.66 

1.86 

2.06 

2.23 

2.36 

2.46 

2.56 

2.66 

2.75 

2.85 

2.94 

0.72 

0.75 

0.78 

0.81 

0.84 

0.87 

0.90 

0.93 

0.96 

1.00 

1.03 

1.07 

1.11 

0.32 

0.33 

0.34 

0.35 

0.36 

0.37 

0.38 

0.39 

0.40 

0.41 

0.42 

0.43 

0.44 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 














0.08 

0.08 

0.09 

0.09 

0.09 

0.10 

0.10 

0.10 

0.11 

0.11 

0.11 

0.12 

0.12 

0.74 

0.79 

0.84 

0.88 

0.92 

0.96 

1.01 

1.05 

1.09 

1.13 

1.17 

1.21 

1.25 

5.72 

6.37 

7.00 

7.66 

8.29 

8.85 

9.25 

9.63 

9.99 

10.35 

10.71 

11.07 

11.45 

5.28 

5.93 

6.55 

7.21 

7.83 

8.36 

8.77 

9.12 

9.49 

9.83 

10.17 

10.53 

14.72 
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Appendix 5: Summary of the financial analysis Bangkok / Phuket (1/2) 


FINANCIAL ANALYSIS 


FRR(K) 


3 % 


5 % 


7 % 


Calculation of the Return on National 
Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


NPV 3% 

NPV 5% 

NPV 7% 

NPV 

12% 

- 13.3 

- 12.7 

- 12.2 

- 11.2 

- 0.7 

- 0.6 

- 0.5 

- 0.4 

- 9.3 

- 6.4 

- 4.5 

- 2.2 





16.1 

10.7 

7.4 

3.3 

1.9 

0.9 

0.5 

0.1 

-5.3 

-8.0 

-9.3 

-10.3 


FRR 


0.97% 
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2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

2033 

2034 

Construction 

Operations 


- 2.06 

- 2.74 

- 4.11 

- 3.43 

- 1.37 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.05 

- 0.05 

- 0.05 

- 0.05 

- 0.05 

- 0.05 

- 0.05 

- 0.06 

- 0.05 

- 0.01 






- 0.23 

- 0.27 

- 0.32 

- 0.37 

- 0.40 
















0.14 

0.25 

0.37 

0.50 

0.58 











-2.1 

-2.8 

-4.2 

-3.5 

-1.4 

-0.2 

-0.1 

0.0 

0.1 

0.2 
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Appendix 5: Summary of the financial analysis Bangkok / Phuket (2/2) 


2035 

2036 

2037 

2038 

2039 

2040 

2041 

2042 

2043 

2044 

2045 

2046 

2047 















Calculation of the Return on National 
Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.01 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.03 

- 0.02 

- 0.03 

- 0.02 

- 0.03 

- 0.02 

- 0.03 

- 0.41 

- 0.43 

- 0.44 

- 0.45 

- 0.47 

- 0.48 

- 0.50 

- 0.51 

- 0.53 

- 0.54 

- 0.56 

- 0.58 

- 0.60 














0.61 

0.65 

0.68 

0.71 

0.75 

0.78 

0.82 

0.86 

0.90 

0.95 

1.00 

1.04 

1.10 














0.2 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

0.5 


2048 

2049 

2050 

2051 

2052 

2053 

2054 

2055 

2056 

2057 

2058 

2059 

2060 















Calculation of the Return on National 
Capital 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

O&M Costs 

B. of USD 



Revenue 

B. of USD 

Residual value of investments 

B. of USD 

FNPV 

B. of USD 


- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.03 

- 0.03 

- 0.03 

- 0.02 

- 0.01 

- 0.02 

- 0.01 

- 0.02 

- 0.01 

- 0.02 

- 0.02 

- 0.01 

- 0.02 

- 0.02 


- 0.62 

- 0.64 

- 0.65 

- 0.67 

- 0.68 

- 0.70 

- 0.72 

- 0.73 

- 0.75 

- 0.77 

- 0.79 

- 0.81 

- 0.83 














1.15 

1.21 

1.25 

1.30 

1.34 

1.39 

1.44 

1.49 

1.54 

1.60 

1.66 

1.72 

1.78 













5.21 

0.5 

0.5 

0.6 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.9 

6.1 
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Appendix 6: Summary of the economic analysis Bangkok / Phuket (1/3) 


ECONOMIC ANALYSIS 


ERR 


3 % 5 % 7 % 


ENPV 

ENPV 

ENPV 

ENPV 

3% 

5% 

7% 

12% 

- 11.9 

- 11.4 

- 11.0 

- 10.1 

- 0.6 

- 0.5 

- 0.4 

- 0.3 

- 7.5 

- 5.1 

- 3.7 

- 1.8 

1.7 

0.8 

0.4 

0.1 





-18.4 

-16.2 

-14.6 

-12.1 


Calculation of the Economic Rate of 
Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 






34.8 

21.6 

13.8 

5.1 

19.5 

12.1 

7.7 

2.9 

11.4 

7.6 

5.2 

2.4 

5.4 

3.6 

2.5 

1.2 

0.5 

0.3 

0.2 

0.1 





1.3 

0.9 

0.6 

0.3 

12.1 

7.8 

5.2 

2.2 

84.9 

53.9 

35.3 

14.1 

66.5 

37.7 

20.7 

2.0 


13.19% 

4.62 

3.32 

2.41 

1.17 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 

B. of USD 

Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 
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2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

2033 

2034 

Construction 

Operation 


- 1.85 

- 2.47 

- 3.70 

- 3.08 

- 1.23 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.04 

- 0.04 

- 0.04 

- 0.05 

- 0.05 

- 0.05 

- 0.05 

- 0.05 

- 0.04 

- 0.01 






- 0.18 

- 0.22 

- 0.26 

- 0.30 

- 0.33 





















-1.89 

-2.51 

-3.74 

-3.13 

-1.28 

-0.24 

-0.28 

-0.32 

-0.36 

-0.35 

















0.12 

0.21 

0.32 

0.45 

0.54 






0.07 

0.12 

0.18 

0.25 

0.30 






0.10 

0.18 

0.26 

0.35 

0.41 






0.06 

0.10 

0.14 

0.19 

0.22 






0.01 

0.01 

0.02 

0.02 

0.02 
















0.01 

0.02 

0.03 

0.04 

0.05 






0.07 

0.12 

0.18 

0.26 

0.31 

0.00 

0.00 

0.00 

0.00 

0.00 

0.42 

0.75 

1.13 

1.56 

1.86 

-1.89 

-2.51 

-3.74 

-3.13 

-1.28 

0.18 

0.47 

0.81 

1.20 

1.50 
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Appendix 6: Summary of the economic analysis Bangkok / Phuket (2/3) 


2035 

2036 

2037 

2038 

2039 

2040 

2041 

2042 

2043 

2044 

2045 

2046 

2047 















Calculation of the Economic Rate of 
Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.01 

- 0.02 

- 0.01 

- 0.01 

- 0.01 

- 0.01 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.03 

- 0.34 

- 0.35 

- 0.36 

- 0.37 

- 0.38 

- 0.39 

- 0.40 

- 0.41 

- 0.43 

- 0.44 

- 0.45 

- 0.47 

- 0.48 



























-0.36 

-0.38 

-0.38 

-0.40 

-0.41 

-0.42 

-0.44 

-0.45 

-0.47 

-0.47 

-0.50 

-0.50 

-0.53 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 

B. of USD 

Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 















0.58 

0.63 

0.69 

0.75 

0.81 

0.89 

1.01 

1.15 

1.32 

1.52 

1.75 

2.01 

2.31 

0.33 

0.36 

0.39 

0.42 

0.46 

0.50 

0.56 

0.63 

0.73 

0.84 

0.96 

1.11 

1.27 

0.44 

0.46 

0.48 

0.51 

0.53 

0.56 

0.58 

0.61 

0.64 

0.67 

0.71 

0.74 

0.78 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.31 

0.32 

0.34 

0.35 

0.36 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 














0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.09 

0.33 

0.36 

0.39 

0.43 

0.46 

0.50 

0.54 

0.59 

0.63 

0.69 

0.74 

0.81 

0.87 

1.99 

2.13 

2.28 

2.44 

2.62 

2.82 

3.07 

3.38 

3.74 

4.15 

4.61 

5.13 

5.71 

1.63 

1.75 

1.89 

2.04 

2.21 

2.40 

2.63 

2.93 

3.27 

3.67 

4.11 

4.62 

5.19 
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Appendix 6: Summary of the economic analysis Bangkok / Phuket (3/3) 


2048 

2049 

2050 

2051 

2052 

2053 

2054 

2055 

2056 

2057 

2058 

2059 

2060 















Calculation of the Economic Rate of 
Return 


Investment cost and Maintenance 

B. of USD 

Rolling Stock Acquisition and Renewal 

B. of USD 

Project O&M costs 

B. of USD 

Residual value of Investments 

B. of USD 



Total economic costs 

B. of USD 


- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.02 

- 0.03 

- 0.02 

- 0.01 

- 0.02 

- 0.01 

- 0.02 

- 0.01 

- 0.02 

- 0.02 

- 0.01 

- 0.02 

- 0.02 


- 0.50 

- 0.52 

- 0.53 

- 0.54 

- 0.55 

- 0.57 

- 0.58 

- 0.60 

- 0.61 

- 0.62 

- 0.64 

- 0.66 

- 0.67 













4.69 














-0.54 

-0.55 

-0.56 

-0.58 

-0.58 

-0.61 

-0.61 

-0.64 

-0.65 

-0.66 

-0.68 

-0.70 

3.99 


Surpluses 


Value of time savings 

B. of USD 

Productivity benefits 

B. of USD 

Operating cost savings 

B. of USD 

Fuel Savings 

B. of USD 

Oil Imports Savings 

B. of USD 

Externalities 

B. of USD 

Emissions Benefits 

B. of USD 

Safety Benefits 

B. of USD 

Total economic benefits 

B. of USD 

ENPV / Net benefits 

B. of USD 















2.66 

3.03 

3.41 

3.81 

4.17 

4.48 

4.67 

4.87 

5.05 

5.24 

5.42 

5.60 

5.79 

1.47 

1.68 

1.89 

2.11 

2.33 

2.52 

2.66 

2.77 

2.88 

2.99 

3.09 

3.20 

3.31 

0.82 

0.86 

0.89 

0.92 

0.95 

0.99 

1.02 

1.06 

1.10 

1.14 

1.18 

1.22 

1.26 

0.38 

0.39 

0.41 

0.42 

0.43 

0.44 

0.45 

0.46 

0.47 

0.48 

0.49 

0.51 

0.52 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 














0.09 

0.10 

0.10 

0.10 

0.11 

0.11 

0.12 

0.12 

0.12 

0.13 

0.13 

0.14 

0.14 

0.93 

1.00 

1.05 

1.11 

1.16 

1.21 

1.27 

1.32 

1.37 

1.42 

1.47 

1.52 

1.57 

6.38 

7.09 

7.78 

8.50 

9.17 

9.78 

10.22 

10.62 

11.03 

11.42 

11.81 

12.21 

12.63 

5.83 

6.53 

7.22 

7.92 

8.59 

9.17 

9.60 

9.99 

10.37 

10.76 

11.13 

11.51 

16.62 
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Appendix 7: Economic definitions 


Input-output modelling: Input-output models (1-0 models) are used to simulate the economic impact of an expenditure on a given basket of goods 
and services or the output of one of several industries. Input-output analysis uses data on the flow of goods and services among various sectors of 
the economy, and attempts to model how an expenditure, increase in demand, or investment ripples through a region’s economy. This is done by 
mapping the production of products and service by each industry, and identifying the intermediate inputs used in the production of each final product 
or service used by consumers, sold as an export, or purchased by government. The model can then aggregate all of the employment and value- 
added impacts generated in the supply chain as commodities are produced. 1-0 models also consider the role of imports, which tie the supply chain 
to the global economy. This data is combined into a single model of the economy which can be solved to determine how much additional production 
is generated by a change in the demand for one or more commodities or by a change in the output of an industry. 

Direct Impacts: Direct economic impacts represent the economic value added directly associated with capital investments and associated 
operations. For example, they include the employment and income of employees and contractors directly involved in a project, as well as the 
associated product, production and income taxes paid. 

Indirect Impacts: Indirect economic impacts represent the economic value added resulting from the demand for materials and services that the 
project generate in supplier industries. They represent, for example, economic activity generated in the manufacturing, wholesale trade, 
transportation and professional service sector as a result of demand for materials and services generated by a project. 

Induced Impacts: Induced economic impacts are general income effects associated with the spending of salaries and wages earned as a result of 
the project on consumption. An example of an induced economic impact are workers engaged in a project purchasing goods and services (at a 
household level) with their earnings. 

Output: The value of goods and services produced by establishments (e.g. firms), excluding “intermediate” goods and services consumed by the 
same establishment during the production process (e.g. electricity produced for own consumption). Output includes goods and services sold in the 
market place as well as goods added to inventory. 

Gross Domestic Product (GDP): GDP is the “total unduplicated value of goods and services produced in the economic territory of a country or 
region during a given period”. GDP includes household income from current productive activities (wages, salaries and unincorporated business 
income) as well as profits and other income earned by corporations. In the context of our study, GDP serves as a measure of the total economic 
value-added resulting from the capital investments and associated operations of a project. 

Employment: This study measures the employment impact in terms of full time equivalent (FTE) positions for ongoing employment (i.e. employment 
impact associated with annual expenditures). This approach is consistent with standard statistical terminology. 

Labour Income: Labour income represents the total earnings of employees (including employees of suppliers to the projects), consisting of wages 
and salaries as well as supplementary labour income (such as employer’s contributions to pension funds, employee welfare funds, the 
Unemployment Insurance Fund and Workers Compensation Fund). 
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Appendix 8: Thailand 2011 Domestic Intermediate Matrix 


- 

•I 

| 


xtile products. 

§ 

o 

If 

1 

1 

1 

! 


al products 

I 

1 

I 

.1 

I 

i 

1 

i 

E 

! 

I 

i 


f 

I 

1 

1 

1 

I 

I 

I 

1 

I 

s 

i 

i 

§ 

I | 


1 

1 

1 

8 

i 

£ 

i 

« 



! 


I 

(i 

TTLC17T19: Textiles, t 
leather and footwear 

? 

If 

J? 

o 3 

1 

I 

i 

1 

S 

l 


1 

i 

1 

TTL C36T37: Manufactu 

TTLC40T41: Bectricity 

supply 

§ 

I 

8 

1 

1 

1 

i 

Is 

to 

a 

1 


I 8 

■D S 

= 

s § 

i 



i 

I’f 

| 1 

8 ^ 

H 

t 

« 1 

5, 

11 

I 

0 6 
t I 

if .1 

Sjl 

M 

a 

<D § 

sf 

8,1 

tl 

of 

El 

1 

a 

i 

o 

a a 
°l s 
« 

& 

a 

t 

1 

a 

t1 

jfl 
§1 
t 1 

I § 

5 1 

J 1 
t 8- 

si 

11 

£ 

a 

t 

1 

3 

3 

f 

s 

21 
§ 1 
JS 
t 2 

1 

S 

t 

8 

§ 

<£ 

3 

1 

1 

g 

S 

f 

i= $ 

1 

t1 

1 

11 

I 1 

i=« 

I 

s 

s 

t 

1 

ffi 

t 

gi 
§ 1 
t1 

TTLC95: Private 

employed person 


2 

Row sector (from:) 

































TTl__C01T05: Agriculture, hunting, 
forestry and fishing 

5933.4 

8.4 

23242.9 

1007.9 

1132 

224 

0.3 

610.7 

5040.7 

33.2 

2 

i 

0.5 

0.4 

0.3 

0.4 

3.2 

35.5 

6.6 

133.1 

1.4 

3644.9 

52.3 

0.1 

23.3 

5 

0.3 

0,2 

27.2 

0 

187.9 

446.4 

398.8 

0 

42,225 

TTL_C10Tt4: Mning and quarrying 

12,7 

805.1 

73.8 

8.6 

2.5 

62.5 

26625.9 

1206.9 

,9.9 

2926 

1098.4 

29, 

80.3 

16.7 

15.3 

129.1 

12.2 

370.6 

7408.1 

3462.5 

1.8 

0.6 

2.6 


0, 

0 

0.6 

3.6 

0.1 

0 

0.5 

1.6 

99.2 

0 

44,477 

Tn__C15T16: Food products, 

5564.7 

0.6 

11959.3 

347.4 

4.5 

90.1 

10.5 

458.6 

22.1 

36.4 

2.1 

1.5 

5.6 

3.8 

4 

3.7 

0.8 

159.7 

1.4 

3.7 

134.3 

6938.9 

288.1 

0, 

42.5 

2.5 

0 

0 

2.7 

0 

323.2 

287 

816.3 

0 

27,516 

m__C17T19: Textiles, textile products. 

152.4 

1.6 

59.8 

17429.2 

115.4 

28.5 

2.4 

604.5 

5,4.3 

49.9 

10.3 

8.5 

48.5 

29.9 

102.5 

131.1 

97.4 

795.9 

5.3 

35.8 

740.5 

338.5 

250.9 

0.3 

243.5 

11.2 

0.7 

1.3 

19.9 

0 

18.3 

173 

593.6 

0 

22,615 

m__C20: Wood and products of w ood 

138.2 


18.2 

7.5 

2228.2 

5.3 

1.1 

51.4 

13.9 

28.7 

62 

702 

82.3 

86.4 

53.1 

84.1 

61.7 

131.3 


1053.6 

,10.2 

15.2 

45.1 

0 

16.5 

0.6 

0.5 

0.6 

48.6 

° 

27.4 

9 

63.4 

0 

4,464 

TTl__C21T22: Pulp, paper, paper 
products, printing and publishing 

18.1 

3.3 

159.2 

89.2 

30.2 

2399.8 

3.4 

157 

25.8 

51.1 

182 

13.4 

57.4 

71.6 

47.1 

85.2 

2 

84.2 

8.5 

15.7 

125.5 

24.1 

56.3 

9.7 

389.9 

3.6 

3.8 

8.7 

991.2 

0 

499.5 


121, 

0 

5,638 

m__C23: Coke, refined petroleum 

2923.7 

1593.1 

662.4 

295.8 

65.2 

130.2 

1170.2 

1047.8 

341.6 

558.9 

401.6 

131.9 

571.3 

186.2 

2,5.2 

234.7 

86.9 

91.9 

1055.9 

620.2 

522.2 

391.1 

12709.7 

56.3 

170.2 

56.8 

27 

23.5 

448.1 

° 

519.5 

149.7 

264, 

0 

27,723 

m__C24: Chemicals and chemical 

3657.6 

47.5 

546 

1260.8 

217.1 

734.7 

102.5 

7092.3 

3062.3 

646.1 

188.5 

188.7 

907.6 

478.5 

331 

652 

75.7 

385.4 

43.1 

360.2 

122.4 

,16.2 

50.8 

1.8 

71.3 

2.9 

0.1 

1.2 

40.7 

0 

58.7 

2251.2 

290.3 

0 

23,985 

TTL C25: Rubber and plastics 

513.3 

12.2 

595.6 

603.5 

200.3 

149.5 

6.9 

374.6 

1676.8 

45.7 

21.1 

116.4 

871.8 

1038.1 

533.5 

1150.4 

58 

250.8 


364 

919 

62.9 

564.7 

2.7 

18.3 

7.1 

0 

0.3 

72 2 

° 

11.3 

108.5 

258.1 

0 

10,619 

TT1__C26: Other non-metallic rrineral 

56.9 

1.1 

418.5 

4.8 

38.6 

2.5 

1.9 

123.8 

4.1 

1105.2 

19.1 

27.7 

304.4 

702 

944.7 

212.2 

35.9 

- 

1.5 

7605.4 

48.7 

71.5 

3 

0 

6 

10.1 

0 

0 

3.1 

0 

4.7 

5.8 

228.8 

0 

12,058 

TTL_C27: Basic metals 

9.6 

72 

76.5 

6.8 

47.7 

18.6 

226.5 

29.9 

30 

384.3 

7517.9 

5460.7 

6025 

1736.3 

1814.3 

6054.7 

567.3 

4022.5 

62 

4040.5 

398.7 

1.1 

8.8 

0.1 

0.3 

0.6 

0 

0.1 

12.8 

° 

0.6 

8.1 

235.7 

0 

38,805 

TTL_C28: Fabricated metal products 

813.9 

57 

1591.5 

144.4 

163.2 

81 

12.1 

173.4 

111.9 

41.9 

81.1 

377.7 

1219.8 

418.1 

563.2 

855.4 

168 

100.3 

29.6 

1407.8 

116.8 

49.3 

64.6 

8.3 

8.9 

11 

0.9 

2.9 

11.3 

0 

19.3 

86 

262.9 

0 

9,053 

Tn__C29: Machinery and equipment, 

375.7 

210.6 

369 

179.8 

85.2 

171.6 

55.5 

259.4 

109.6 

141.2 

102.9 

51.7 

19570 

312.3 

157.7 

3260.1 

287 

65.1 

103.9 

270.8 

465 

37.9 

153.7 

96.5 

123.6 

,4.1 

0, 

0.5 

144.4 

0 

56.5 

9.4 

285.9 

0 

27,527 

Tn__C30T33X: Computer, Electronic 

6.9 

9.4 

5.4 

6.9 

0.7 

2.3 

16.1 

11.8 

4.2 

3 

2.9 

1.9 

1,21.9 

14236.6 

82.5 

170.1 

4.2 

20.8 

8.4 

13.6 

70.2 

1.6 

7.6 

16.5 

0.9 

0.6 

1.2 

32.1 

40.2 

0 

19 

73.8 

105.3 

0 

16,099 

TTL C31: Bectrical machinery and 

,6.9 

12.4 

7 

4.8 

2 

0.9 

*’ 

4 

2.3 

9.2 

8.5 

7.6 

1003.4 

582.6 

6821.4 

1159.6 

78.1 

10.2 

279.8 

1796.3 

432.6 

129.8 

45.6 

26.3 

57.5 

17.1 

0.2 

5.3 

5, 

0 

... 

25.4 

213.8 

0 

12,774 

TR._C34: Motor vehicles, trailers and 

5.7 

1.4 

9.6 

9.8 

1.1 

1.7 


5.2 

3.4 

,, 

2.1 

1.8 

127 

23.1 

13.6 

10574.3 

6.8 

22.2 

2.4 

8.3 

896.7 

3 

179.9 

0.3 


2.4 

0.1 

0 

1.2 

0 

1.4 

1.5 

4.5 

0 

11,916 

TTLC35: Other transport equipment 

1,2.6 

12.5 

1.2 

0.9 

0.2 

0.2 

0.6 

0.6 

0.4 

0.3 

1 

0.8 

8.8 

8.3 

2.2 

3.7 

675.5 

1.8 

0.3 

2.2 

0.5 

0.3 

299 

0 

0.1 

o 

0 

0 

0.1 

0 

0.2 

0.2 

0.6 

0 

1,135 

TTL_C36T37: Manufacturing nee; 
recycling 

28.1 

7.6 

29.6 

1165.6 

36.1 

22.5 

4.5 

84 

49.9 

22.9 

20.8 

10.1 

340.1 

133.1 

38.8 

53.2 

11.2 

4590.9 

13.3 

44 

86.5 

23.9 

70.5 

8.5 

114.3 

4.8 

1.7 

1.4 

120.5 

0 

254 

34.4 

671.5 

0 

8,098 

m__C40T41: Bectricity, gas and w ater 
supply 

153.6 

125.2 

1172.4 

1462.9 

225.3 

262.4 

58.1 

1527.9 

744.3 

752.6 

695.5 

130.8 

645.3 

541.6 

307.3 

548.7 

78.6 

170.5 

2057.3 

229.3 

1179 

1688.2 

486.9 

259.7 

369.2 

553.8 

10.9 

13.7 

165.6 

0 

581.3 

665.5 

440.4 

0 

18,304 

TTL_C45: Construction 

50 

13.9 

32.7 

28.9 

6.9 

18.8 

5.9 

44.7 

23.7 

29.2 

14 

5.3 

78.9 

60 

12.7 

41, 

3.5 

15.3 

22.7 

29.7 

39.3 

66.7 

21.7 

10.5 

79.6 

134.4 

20.1 

29.4 

60.6 

0 

34.7 

15.8 

69.7 

0 

1,120 

TT1__C50T52: Wholesale and retail 

2899.9 

618.4 

4876.7 

4912 

467.3 

574.6 

4630.7 

2204.9 

1521.1 

954.2 

1073.5 

717.2 

3232.1 

3538.6 

1239.4 

2566 

216.4 

,981 

1420.7 

2626, 

788.7 

1658.5 

5169.5 

87.3 

446.8 

50.3 

61.9 

15.8 

298.7 

0 

436 

706.6 

968 

0 

52,959 

TT1__C65: Hotels and restaurants 

73.7 

26.3 

65.9 

145.4 

17 

55.7 

4.9 

67.4 

36.6 

21.5 

16.3 

10.9 

70.9 

85.9 

27.4 

38.9 

9.6 

40, 

23.1 

195.1 

1357.3 

39.9 

426.4 

35 

230.1 

24.7 

1.9 

7.3 

211.6 

0 

147.4 

66.6 

96.7 

0 

3,678 

TTL_C60T63: Transport and storage 

1115.9 

828.8 

1906 

1467.7 

272.1 

379.6 


1153.1 

570.2 

456.8 

338.3 

279.7 

1314.9 

1681.5 

406.6 

958.8 

133.9 

747.7 

423.3 

5461.1 

2889.7 

491, 

11596.1 

454.9 

756.7 

70.8 

12.1 

65.5 

475.3 

0 

436, 

383.4 

1256.1 

0 

39,904 

Tfl-_C64: Rost and teleconmunications 

106.7 

16.9 

109.4 

81.2 

18.3 

67.5 

17.9 

134.6 

60.2 

67 

26.6 

25.9 

185 

223.7 

20.1 

149.8 

14 

110.2 

29.5 

40.6 

560.6 

293.3 

296.6 

1154.5 

673.8 

15.1 

8.7 

23.5 

402.2 

0 

100.2 

60, 

665.3 

0 

5,759 

TTL_C65T67: Rnancial intermediation 

3123 


1671.6 

1187.9 

434 

399.2 

79.5 

1300.1 

533.2 

678.9 

570 

276.6 

657.5 

779.9 

259.2 

835.1 

185.4 

456.9 

1319.5 

935.3 

4921.4 

705.6 

2262.6 

881.1 

4018.3 

1950.7 

518.9 

135.1 

366.6 

0 

303, 

122.7 

644.4 

0 

32,727 

TTL_C70: Real estate activities 

118.7 

56.9 

160.6 

145.6 

30.3 

30.1 

9.7 

162.2 

39.5 

23.3 

20.2 

45.9 

184.4 

102.2 

90.5 

72.6 

' 

17.3 

66.7 

15.3 

195.6 

610.3 

298 

695.5 

68 7 

434.6 

110.4 

95.8 

103.7 

217.3 

0 

54.2 

13.5 

340.3 

0 

4,630 

Tn__C71: Renting of machinery and 

32.2 

3.3 

13.3 

1.2 

3.8 

23.5 

1.7 

16.2 

8.3 

4.9 

4.4 

8.5 

13.2 

20.6 

7.8 



3.3 

8.4 

50.2 

29.4 

4.2 

64.1 

5.8 

23.2 

1.9 

315.2 

22.7 

,1.4 

0 

6-7 

27 

31.7 

0 

787 

TTL_C72: Computer and related 

4.3 

1.5 

11 

5.8 

1.6 

55.7 

4.9 

30 

7.2 

4.2 

7.6 

17.7 

35.5 

66.4 

17.6 

36.1 

6.7 

5.7 

5.5 

6.9 

32 

3 

73.8 

49 

117.5 

14, 

2.4 

630.2 

158.6 

0 

35.2 

75 

45.4 

0 

1,568 

Tn__C73T74: R&Dand other business 

80.7 

1621.8 

779 

295.4 

80.4 

302.9 

25.6 

439.3 

167.9 

238.2 

4,2 

48.5 

258.3 

333.5 

115.4 

304.3 

55 

114.8 

59.9 

389.7 

336.6 

239 

1027.5 

252.1 

609.3 

266.1 

335.1 

170.3 

257.6 

0 

122.1 

164.6 

283.7 

0 

9,816 

Tn__C75: Public administration and 
defence; compulsory social security 

4.1 

1.1 

5.7 

3.7 

0.7 

2.7 

1.4 

3.8 

2.2 

1.2 

0.8 

0.6 

2.8 

3 

0.9 

1.9 

0.3 

4.2 

1.3 

_3 

4.1 

1.5 

8.2 

0.6 

2, 

0.6 


5.2 

1.5 

0 

> 

1.1 2 

0 

84 

Tn__C80: Education 

0.2 

0.1 

0.3 

0.2 

0.1 

0.5 

0.1 

0.3 

0.2 

0.1 

0.1 

0.1 

0.2 

0.4 

0.1 

0.2 

0 

0.2 

o7 

0-3 

0.2 

0, 

0.4 

o 

0, 

o 

_ 

2.3 

93.7 

0.2 

0 

0.1 

o-i 

0 

101 

TI1._C85: Health and social work 

1.1 

0.1 

' 

0.9 

M 

0.5 

0.4 

1.6 

0.8 

0.3 

0.2 

0-1 

0.8 

1 

0.3 

0.5 

0, 

ol 

0.2 

0.8 

03 

0.3 

0.8 

o 

9.5 

0 

0 

0 

0.2 

0 

0.1 

1.2 0.3 

0 

24 

TTL_C90T93: Other community, social 

142.6 

14.5 

275.2 

209.4 

16.5 

51.7 

13.2 

78.5 

39.2 

75.6 

36.3 


131 

,66.1 

41.9 

276.7 

37.9 

28.7 

137.4 

70.4 

616.2 

144.4 

200.8 

183.3 

299.8 

129.9 

8.6 

40 

4875.1 

° 

142.8 

78.2 

1924.4 

0 

10,500 

Tn__C95: Private households w ith 
employed persons 

° 

0 

0 

0 

° 

° 

° 

° 

0 

—\ 

0 

0 

0 

0 

o 

° 

0 

0 

0 

° 




0 

0 

o 

0 


I 

0 

0 

0 0 

0 

o 

Total 

28247.1 

6338.5 

50906.3 

32521.9 

5944.6 

6351.3 

34220.9 

19460.5 

14787.8 

9393.8 

12349.7 

8082.5 

39156.5 

27668.4 

14287.6 

30661.7 

2992.2 

14952.4 

14566.3 

31475, 

18558, 

17483.6 

37183, 

3670 

9358.8 

3493.8 

1438 

1437.8 

9491.9 

0 

4409.4 

6116.8 

11682.4 

0 

528,689 
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Appendix 9: Thailand 2011 Domestic Investment Matrix 



HFCE: Households 

final consumption 

expenditure 

NPISH: Non-profit 

institutions serving 

households 

GGFC: General 

Government final 

consumption 

GFCF: Gross Fixed 

Capital Formation 

INVNT: Changes in 

inventories 

CONS_ABR: Direct 

purchases abroad 

by residents 

(imports) 

CONS_NONRES: 

Direct purchases 

by non-residents 

(exports) 

EXPO: Exports 

(cross border) 

IMPO: Imports 

(cross border) 

c 

— a> 

1 | 

— .2 

o E 

1- a> 

Grand total 














TTL_C01T05: Agriculture, hunting, 
forestry and fishing 


16369.2 

0 

142.6 

99.5 

1465.8 

1.2 

0 

12344 

-2699.3 

27,723 

69,948 

TTL_C10T14: Mining and quarrying 

13.3 

0 

0.3 

4 

1927.1 

0.8 

0 

1538.4 

-29599.5 

- 26,116 

18,361 

TTL_C15T16: Food products, 
beverages and tobacco 


26105.3 

0 

539 

4.6 

862.4 

188.8 

806.8 

22106.5 

-5979.7 

44,634 

72,150 

TTL_C17T19: Textiles, textile products, 
leather and f ootw ear 


19265.9 

0 

67.3 

139.3 

1392.6 

190.8 

913.4 

5391.1 

-2957.5 

24,403 

47,018 

TTL_C20: Wood and products of wood 
and cork 


1625.4 

0 

169.7 

1642 

231.6 

0.8 

0 

1627.3 

-479.5 

4,817 

9,281 

TTL_C21T22: Pulp, paper, paper 
products, printing and publishing 


606.9 

0 

626.4 

2.7 

109.4 

1.6 

0 

6066.4 

-3837.6 

3,576 

9,214 

TTL_C23: Coke, refined petroleum 
products and nuclear fuel 


6449 

0 

1415 

1.9 

519.8 

96.5 

517.1 

8844.2 

-3856.8 

13,987 

41,710 

TTL_C24: Chemicals and chemical 
products 


3912.4 

0 

205.4 

12.4 

304.7 

109.2 

509.3 

17850.4 

-18186.2 

4,718 

28,703 

TTL_C25: Rubber and plastics 
products 


1321.9 

0 

3.9 

81.1 

251.3 

1.4 

0 

10037.1 

-3818.3 

7,878 

18,498 

TTL_C26: Other non-metallic mineral 
products 


781.8 

0 

130.7 

400.7 

325.8 

0.5 

0 

1944.9 

-1377.6 

2,207 

14,265 

TTL_C27: Basic metals 


11.4 

0 

0.7 

96.1 

967.1 

1.1 

0 

9371.3 

-33460.3 

- 23,013 

15,793 

TTL_C28: Fabricated metal products 


674.1 

0 

37.3 

2873.6 

259.5 

2.8 

0 

4441.1 

-6162.2 

2,126 

11,180 

TTL_C29: Machinery and equipment, 
nec 


1173.6 

0 

86.7 

19641 

720.2 

58.7 

291.9 

15721.6 

-15031.6 

22,662 

50,189 

TTL_C30T33X: Computer, Bectronic 
and optical equipment 


834.1 

0 

109 

3354.3 

340.9 

95.7 

1110.8 

33401.5 

-22697.8 

16,549 

32,647 

TTL_C31: Bectrical machinery and 
apparatus, nec 


1162.7 

0 

62 

4346 

378.8 

2.4 

5.7 

8281.5 

-8254.9 

5,984 

18,758 

TTL_C34: Motor vehicles, trailers and 
semi-trailers 


4625.4 

0 

17.4 

13524.4 

888.8 

1.5 

0 

16076.8 

-8436.4 

26,698 

38,614 

TTL_C35: Other transport equipment 


5.2 

0 

9.6 

2836.4 

260.6 

0.7 

0 

4407.1 

-4189.6 

3,330 

4,465 

TTL_C36T37: Manufacturing nec; 
recycling 


5949.7 

0 

268.4 

340.6 

339.1 

157 

838 

6065.8 

-2646.3 

11,312 

19,411 

TTL_C40T41; Bectricity, gas and water 
supply 


4585.4 

0 

1492.3 

2.7 

64.3 

1.8 

0 

410.5 

-301.5 

6,256 

24,559 

TTL_C45: Construction 


31.6 

0 

643.5 

38014.4 

263.9 

0.9 

0 

989 

-344.1 

39,599 

40,720 

TTL_C50T52; Wholesale and retail 
trade; repairs 


15618.3 

0 

1656.2 

4595.8 

1697.3 

278.2 

1072.1 

26362.7 

-32216.8 

19,064 

72,023 

TTL_C55: Hotels and restaurants 


15175.1 

0 

708.5 

1.1 

4.1 

1465.8 

9043.7 

0 

-1486.4 

24,912 

28,589 

TTL_C60T63: Transport and storage 


24429.4 

0 

2276.7 

909.6 

622.9 

885.7 

5869.5 

15193.7 

-33931.9 

16,256 

56,160 

TTL_C64: Post and telecommunications 


2122 

0 

630 

2 

5.7 

0.6 

0 

1146.3 

-579.1 

3,328 

9,087 

TTL_C65T67: Rnancial intermediation 


5749.9 

0 

254.6 

0.3 

90.2 

1.7 

0 

949.9 

-9392.7 

- 2,346 

30,381 

TTL_C70: Real estate activities 

15818.6 

0 

385.4 

1.9 

11.2 

126 

681.2 

72.8 

-178 

16,919 

21,549 

TTL_C71: Renting of machinery and 
equipment 


28.3 

0 

0.5 

1.1 

0.8 

65.7 

637.7 

742 

-94.8 

1,381 

2,168 

TTL C72: Computer and related 
activities 


46.5 

0 

7.2 

608 

9.3 

1 

0 

108.8 

-181 

600 

2,168 

TTL_C73T74: R&D and other business 
activities 


240.6 

0 

1660.4 

5.4 

36.2 

2.1 

0 

2719.3 

-170.1 

4,494 

14,310 

TTL_C75: Public administration and 
defence; compulsory social security 


4397.2 

0 

18689.8 

2.2 

2.5 

24 

0 

0 

-129.4 

22,986 

23,070 

TTL_C80: Education 

552.8 

530.8 

17519 

0.2 

1.2 

82.9 

4 

0 

-90 

18,601 

18,702 

TTL_C85: Health and social work 

1373.8 

1317.1 

7852 

0.9 

2.5 

946.3 

1013.5 

0 

-965.7 

11,540 

11,565 

TTL_C90T93: Other community, social 
and personal services 


1925.1 

1848.8 

747.8 

2.4 

48 

352.4 

2624.4 

162.9 

-422.8 

7,289 

17,789 

TTL_C95: Private households w ith 
employed persons 


352 

0 

0 

0 

0 

0 

0 

0 

0 

352 

352 

Total 

183333.9 

3696.7 

58415.3 

93548.6 

14405.6 

5146.6 

25939.1 

234374.9 

- 254155.4 

364,705 

893,394 
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Appendix 10: Thailand Type I Leontief Inverse Matrix 
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8. Disclaimers and limiting 
conditions 


This study does not represent any political commitment from TransPod or any of the members of the project team. 
This analysis is not mean to favour any particular stakeholder for the upcoming Thai election. In particular, this 
study does not assess the opportunity cost of choosing one particular political party over the other. 

TransPod does not assume any responsibility or liability for losses incurred by any stakeholder as a result of the 
circulation, publication, reproduction or use of this report contrary to its intended purpose. 

This report has been made only for the purpose stated and shall not be used for any other purpose. Neither this 
report (including references to it) nor any portions thereof (including without limitation the identity of TransPod or 
any individuals signing or associated with this report, or the professional associations or organizations with which 
they are affiliated) shall be disseminated to third parties by any means or included in any document without the prior 
written consent and approval of TransPod. 

Our report and work product cannot be included, or referred to, in any public or investment document without the 
prior consent of TransPod Inc. 

The analyses are provided as of February 25, 2019, and we disclaim any undertaking or obligation to advise any 
person of any change in any fact or matter affecting this analysis, which may come or be brought to our attention 
after the date hereof. Without limiting the foregoing, in the event that there is any material change in any fact or 
matter affecting the analyses after the date hereof, we reserve the right to change, modify or withdraw the analysis. 

Observations are made on the basis of economic, industrial, competitive and general business conditions prevailing 
as at the date hereof. In the analyses, we may have made assumptions with respect to the industry performance, 
general business, and economic conditions and other matters, many of which are beyond our control, including 
government and industry regulation. 

No opinion, counsel, or interpretation is intended in matters that require legal or other appropriate professional 
advice. It is assumed that such opinion, counsel, or interpretations have been, or will be, obtained from the 
appropriate professional sources. To the extent that there are legal issues relating to compliance with applicable 
laws, regulations, and policies, we assume no responsibility, therefore. 

We believe that our analyses must be considered as a whole and that selecting portions of the analyses or the 
factors considered by it, without considering all factors and analyses together, could create a misleading view of 
the issues related to the report. 

Amendment of any of the assumptions identified throughout this report could have a material impact on our analysis 
contained herein. Should any of the major assumptions not be accurate or should any of the information provided 
to us not be factual or correct, our analyses, as expressed in this report, could be significantly different. 
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